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EXECUTIVE SUMMARY 

The inadvertent creation of transuranic waste carrying hazardous waste codes D001 and D002 requires 
the treatment of the material to eliminate the hazardous characteristics and allow its eventual shipment 
and disposal at the Waste Isolation Pilot Plant (WIPP). This report documents the effectiveness of 
two treatment methods proposed to stabilize both the unremediated and remediated nitrate salt waste 
streams (UNS and RNS, respectively) at Los Alamos National Laboratory (LANL). The two technologies 
include the addition of zeolite (with and without the addition of water as a processing aid) and 
cementation. Surrogates were developed to evaluate both the solid and liquid fractions expected from 
parent waste containers, and both the solid and liquid fractions were tested. Both technologies are shown 
to be effective at eliminating the characteristic of ignitability (D001), and the addition of zeolite was 
determined to be effective at eliminating corrosivity (D002), with the preferred option1 of adding zeolite 
currently planned for implementation at LANL’s Waste Characterization, Reduction, and Repackaging 
Facility (WCRRF). The course of this work verified the need to evaluate and demonstrate the 
effectiveness of the proposed remedy for debris material, if required. The evaluation determined that 
WypAlls, cheesecloth, and Celotex absorbed with saturated nitrate salt solutions exhibit the ignitability 
characteristic (all other expected debris is not classified as ignitable). Finally, liquid surrogates containing 
saturated nitrate salts did not exhibit the characteristic of ignitability in their pure form (those neutralized 
with Kolorsafe and mixed with sWheat did exhibit D001).  

Sensitivity testing and an analysis were conducted to evaluate the waste form for reactivity. Tests 
included subjecting surrogate material to mechanical impact, friction, electrostatic discharge and thermal 
insults. The testing confirmed that the waste does not exhibit the characteristic of reactivity (D003). 

Follow-on testing was conducted to demonstrate the effectiveness of zeolite stabilization for ignitable 
WypAll and cheesecloth debris and additional nitrate salt solutions (those exhibiting the oxidizer 
characteristic) to demonstrate the effectiveness of the remedy. Follow-on testing also included testing of 
surrogate materials containing Waste Lock 770, which is present in four of the RNS containers, and 
potential items of debris such as plywood and Celotex material. Testing to evaluate the effectiveness of 
the remedy was performed using the specific remediation processes that are planned for use at the 
WCRRF. Finally, testing was also performed to evaluate the holding capacity of zeolite using a highly 
acidic surrogate solution and to characterize the composition of gases generated during mixing of zeolite 
with surrogate solutions. All these tests demonstrated the effectiveness of adding zeolite as the planned 
remedy.  
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1.0 BACKGROUND 

On February 14, 2014, a radiological release occurred at the U.S. Department of Energy Waste Isolation 
Pilot Plant (WIPP). A breached nitrate salt waste container originating from Los Alamos National Laboratory 
(LANL) was later identified as the source of the release.2 The waste container in question, drum 68660, was 
improperly remediated and contained an ignitable mixture of nitrate salt waste and organic absorbent 
material (sWheat Scoop kitty litter).   

At the time of generation, the damp salt wastes from plutonium recovery operations were packaged in 
plastic bags, placed in lead-lined containers, and put into storage at LANL until a final disposition path 
could be identified. In 2012, the remediation path for the nitrate salt waste was identified by the LANL–
Carlsbad Office Difficult Waste Team to be the addition of kitty litter/zeolite clay to the nitrate salts within 
the containers and absorption of liquids in the containers also by kitty litter/zeolite clay. These included 
containers that had previously been remediated using an absorbent called Waste Lock 770. Therefore, 
before they were shipped to WIPP, the containers were to be opened in a glovebox, free liquids were to 
be absorbed with kitty litter/zeolite clay, and the salt material was to be mixed with the absorbent in a ratio 
that would stabilize the salts. Resulting material was to be repackaged to meet the WIPP waste 
acceptance requirements. Waste processing of many of these containers was conducted, but the 
absorbent utilized was an organic kitty litter absorbent instead of the Difficult Waste Team’s prescription 
of kitty litter/zeolite clay, resulting in the generation of an incompatible mixture that led to spontaneous 
combustion of the waste, as documented through investigation into the WIPP event.2i 

From these waste-processing activities, daughter containers were generated that hold the absorbed 
liquids, nitrate salts mixed with absorbent, and debris from the parent waste container or as generated 
from the processing of the waste. Containers remaining at LANL include 27 of the original containers, 
unremediated nitrate salt (UNS) wastes, as well as 60 containers with remediated, absorbed, and 
repackaged nitrate salt wastes. Containers of remediated nitrate salt (RNS) and UNS waste are 
characterized as exhibiting the U.S. Environmental Protection Agency (EPA) Hazardous Waste Number 
(HWN) D001 for ignitability (both RNS and UNS waste) and D002 for corrosivity (RNS and UNS waste 
containers with liquids only). Mixed transuranic waste with D001 and/or D002 EPA HWNs cannot be 
accepted for disposal at WIPP; therefore, both RNS and UNS waste must be treated before certification, 
shipment, and disposal at that facility.  

The stabilization treatment methods that are to be examined for their effectiveness in the treatment of 
both the UNS and RNS wastes include (1) the addition of zeolite (with and without the addition of water) 
and (2) cementation. Adding zeolite is proposed (and preferred) based on the results of several previous 
studies and analyses that specifically examined the effectiveness of this process for deactivating nitrate 
salts.3 Cementation is also being assessed because of its prevalence as an immobilization method for 
similar wastes at numerous facilities around the U.S. Department of Energy (DOE) complex, including at 
LANL. The results of the treatment study with other testing provided the basis for a request to the 
New Mexico Environment Department Hazardous Waste Bureau for approval of a Resource Conservation 
and Recovery Act (RCRA) permit modification for the proposed treatment process and the associated 
facilities.   

The specific purpose of this report is to summarize the testing conducted to validate that the proposed 
treatment methods are effective at safely removing the EPA HWNs D001 and D002 from both the UNS 
and RNS wastes. These studies also demonstrated that the proposed volumetric quantities for the 
mixtures are sufficient to ensure removal of EPA HWNs D001 and D002 (ignitability and corrosivity 
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characteristics) as required for disposal at WIPP (at a minimum).* Appendixes A through E to this report 
provide the test methods used, and Appendixes F through AA provide detailed information on test results.  

Testing was conducted by an independent contract laboratory, Southwest Research Institute (SwRI), 
located in San Antonio, Texas, using nonradioactive surrogate samples to avoid worker safety risks 
associated with testing, packaging, and transporting samples of actual radioactive waste materials. 
Results of SwRI testing are provided in Appendixes F through V. Additional characterization, analysis, 
and sensitivity testing activities were conducted on-site at LANL and at a second independent contract 
laboratory, Fauske & Associates, LLC, to evaluate the waste form for reactivity. Tests included subjecting 
surrogate material to mechanical impact, friction, electrostatic discharge and thermal insults, and are 
discussed below and in Appendixes W through Z. Results of additional testing of zeolite that will be used 
for treatment are provided in Appendixes AA and AB. Appendix AC describes the determination of the 
density of calcium nitrate–saturated solution. 

2.0 RNS DRUM COMPOSITION 

The RNS wastes were created from the UNS waste stream by mixing absorbents and/or neutralizers with 
the UNS wastes. The blended waste was placed in a fiberboard-insert liner that was placed inside a 
plastic bag in the 55-gal. drum. The salt/sWheat blend was placed directly into the fiberboard liner without 
any protective plastic around the waste. Debris waste was also often placed into the drum with the 
salt/sWheat mixture. Although the debris was typically placed atop the salt/sWheat blend, frequently the 
debris is intermingled rather than layered in the drum. Based on real-time radiography (RTR) of the 
drums, 10 RNS drums are estimated to contain over 50 volume-percent debris, and 21 RNS drums 
contain 20 volume-percent or more debris waste. Twelve RNS containers consist of 12-in. pipe overpack 
containers (POCs) inside 55-gal. drums. 

Free liquid can also be identified using RTR. All but four of the RTR videos of the RNS drums were taken 
between September 2013 and April 2014. The other four RTR records are of POCs that were taken in 
2011 and 2012. Five RNS drums (at that time) were reported to contain liquid: three contain less than 
100 mL and two POCs contain about 2 L outside the containment bag within the POC.  

The waste in the RNS container largely consists of the following waste matrixes:  

�x Homogeneous solids—nitrate salts absorbed with organic kitty litter (sWheat) 

�x Scrap lead 

�x Leaded gloves 

�x Rubber gloves 

�x Scrap metal 

�x Plastics—rigid liner, plastic bags, plastic sheeting 

�x Cardboard/fiberboard liner 

�x Cellulose 

                                                      

* “Basis of Knowledge for Evaluating Oxidizing Chemicals in TRU Waste, Revision 0,” DOE/WIPP-17-3589, was issued 
in July 2017, and our remedy for RNS waste is consistent with the guidelines stated within, making our material WIPP 
compliant after treatment.   
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3.0 SCOPE OF WORK 

SwRI was contracted to provide qualified personnel, equipment, materials, and facilities to formulate and 
analyze waste surrogates and treatment options in support of LANL’s effort to evaluate RNS waste and to 
provide insight into the effectiveness of treatment options. This effort included formulating surrogate 
nitrate salts, preparing nitrate salt solutions, neutralizing and blending the nitrated salts or solutions with 
Spilfyter Kolorsafe, sWheat kitty litter, zeolite, cement, water, or Waste Lock 770.  The effectiveness of 
cementation as a treatment technology and the addition of zeolite were assessed for surrogate nitrate salt 
wastes and the blends prepared to simulate treatment to ensure that RCRA characteristics of ignitability (and 
corrosivity, where applicable) are removed from the waste after treatment. Debris waste found in the 
drums was also submitted for evaluation and examination of the impact of RNS waste and UNS solution 
on the behavior of the debris when it undergoes reactivity testing. 

The test work at SwRI includes the following areas of focus: 

�x Preparation of surrogate salt known as WB8 identified in the analysis by Weisbrod et al.4 and 
evaluated through testing by Brown, et al.5 This test work is presented in Section 4.1, and the 
memorandum summarizing the first round of small-scale testing at LANL is included as 
Appendix W of this report. 

�x Preparation of surrogate UNS solution utilizing saturated nitrate solutions derived from 
Reference 4 and neutralized with Spilfyter Kolorsafe, as discussed in Reference 2. This test work 
is discussed in Section 4.3. 

�x Preparation and evaluation of surrogate RNS waste prepared from WB8 salt and sWheat kitty 
litter to simulate the possible RNS waste material found in the 60 RNS drums to be remediated at 
LANL. This test work is discussed in Section 6.1. 

�x Preparation and evaluation of blends composed of surrogate RNS waste and zeolite with and 
without the addition of water to simulate the remediation of RNS waste by blending with zeolite. 
This test work is discussed in Section 6.2. 

�x Preparation and evaluation of blends of surrogate RNS waste mixed with water and cement to 
simulate the remediation of RNS waste by cementation. This test work is discussed in 
Section 6.3. 

�x Preparation and evaluation of blends composed of surrogate UNS solution (prepared from the 
UNS surrogate solution recipe) and sWheat kitty litter and then blended with zeolite. This test 
work is discussed in Section 6.4. 

�x Because testing of the UNS surrogate solution showed that it was not a Class 5 Division 5.1 
oxidizer, testing with alternate solution blends with zeolite was performed, including a 65% 
ammonium nitrate solution that was tested and determined to be a Class 5 Division 5.1 oxidizing 
liquid. This test work is discussed in Section 6.5. 

�x Preparation of surrogate debris waste to simulate the debris waste found in the RNS waste drums 
at LANL and evaluation for D001 characteristic. This test work is discussed in Section 7.1, 7.2, 
and 7.3 and included testing of processes developed to treat debris waste items such as WypAll 
rags and cheesecloth that tested as ignitable by blending with zeolite to remove the characteristic 
of ignitability. 

�x Preparation of blends of zeolite and UNS surrogate solution prepared with 7 molar nitric acid to 
evaluate the holding capacity of zeolite for highly acidic solutions, and to determine the 
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composition of gases that evolved during mixing of zeolite with the surrogate solution. This test 
work is discussed in Section 6.7 and 6.8. 

Sensitivity testing was performed on-site at LANL and at an external laboratory to evaluate the waste 
form for reactivity. Tests included subjecting surrogate material to mechanical impact, friction, 
electrostatic discharge and thermal insults. This test work is discussed in Section 6.6.  

4.0 TEST MATERIALS  

Test materials used in the test work conducted by SwRI are described in this section. 

4.1 Surrogate Nitrate Salt s—WB8 

Nitrate salts were removed from UNS drums, mixed with sWheat, and placed in daughter drums now 
referred to as RNS drums. The recipe for the surrogate nitrate salt WB8 used in all SwRI nitrate salt 
blends is presented in Table 1. This nitrate salt recipe is based upon previous test work conducted at 
LANL4,5,6 and is discussed as a bounding surrogate in “Technical Basis for the Removal of Unremediated 
Nitrate Salt Sampling (UNS) to Support LANL Treatment Studies.”7 The material selected is supported by 
studies that evaluated the sensitivity of RNS waste that used sWheat scoop kitty litter as an absorbent. 
Previous testing has indicated that at least two factors are critical for ignition of the formulation: (1) the 
ratio of sWheat scoop kitty litter to the nitrate salt and (2) the concentration of lead salts in the 
formulation. The ratio of sWheat to salt influences the oxygen balance of the formulation and therefore 
the thermodynamic ability to combust without added oxygen. Prolonged testing indicated that lead nitrate 
is a catalyst for the ignition process. The amount of lead actually present in the waste is difficult to 
estimate precisely because of the complexity of its formation. In addition, heating and partial drying of the 
materials will result in additional worst-case scenarios: previous testing has indicated the dried material is 
more thermally sensitive. 

Table 1 
WB8 Surrogate  

Material Milligrams Grams Wt% 

Al(NO3)3 * 9 H20 2145 2.145 4.21 

Ca(NO3)2 * 4 H2O 8530 8.530 16.73 

Cr(NO3)3 * 9 H2O 105 0.105 0.21 

Fe(NO3)3 * 9 H2O 3258 3.258 6.39 

Mg(NO3)2 * 6 H2O 23939 23.939 46.94 

NaNO3 5307 5.307 10.41 

Pb(NO3)2 1884 1.884 3.69 

(COOH)2 * 2 H20 1936 1.936 3.80 

K2CO3 1010 1.010 1.98 

Water 2886 2.886 5.66 

Note: This table presents an example of 51 g of WB8.  
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The recipe to prepare WB8 surrogate follows these steps: 

�x The masses of nitrate salt components are measured in a plastic or aluminum weigh-boat or on 
waxed paper using a balance calibrated to ± 1-mg uncertainty. The quantity of material measured 
will be within 10 mg of the desired quantity of material. 

�x The weighed portion of nitrate salts is transferred to a container for mixing. 

�x Once all of the nitrate salts are measured and placed into the mixing container, they are manually 
mixed together. 

�x The mass of oxalic acid dihydrate and potassium carbonate is measured in a plastic or aluminum 
weigh-boat or on waxed paper using a balance calibrated to ± 1-mg uncertainty. The quantity of 
material measured is within 10 mg of the desired quantity of material as follows: 

�™ Water is measured into a tared glass beaker or Nalgene bottle using a balance calibrated 
to ± 1-mg uncertainty. 

�™ Oxalic acid is added to the water and mixed thoroughly. 

�™ Potassium carbonate is added in small increments and stirred between each addition until 
foaming and bubbling subsides.  

�™ Potassium carbonate is added in this fashion until all of it has been added. The solution 
makes a slurry with a fair amount of undissolved chemical remaining on the bottom. 

�x The potassium oxalate solution formed above is shaken and added to the mixed nitrate salt and 
manually mixed. 

4.2 Control Salt —Potassium Nitrate (Anhydrous) 

Potassium nitrate was used as the control salt to compare the response of WB8 salt and WB8 blends 
during D001 and D002 testing. Potassium nitrate was selected as a control, primarily because it is a good 
oxidizer (Packing Group II) and it was previously used as a control in similar studies conducted by Walsh 
when analyzing stabilization of nitrates by zeolite.3ii 

4.3 Surrogate Nitrate Salt Solution —UNS Surrogate Solution  

The surrogate nitrate salt solution, “UNS Surrogate Solution,” represents the solution expected within UNS 
drums and is derived from WB8. This surrogate is a simulant of solution collected when UNS drums were 
opened and absorbed into sWheat kitty litter during the preparation of the RNS drums. The UNS 
Surrogate Solution consists of a suite of specified salts presented in Table 2 and mixed with water to 
dissolve most of the solid salts (remains saturated). This surrogate solution is used to prepare UNS 
Surrogate Solution blends. UNS Surrogate Solution is then used to blend with sWheat and/or zeolite in 
various ratios and to simulate the RNS material and the zeolite-blended (remediated) product. It is used 
as prepared but may also be used after it is neutralized with Spilfyter Kolorsafe to represent the 
neutralized liquid, as discussed in Reference 1. Section 4.8 provides additional details. 
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Table 2 
UNS Surrogate Solution Salt Recipe  

Reagent Chemical  
Weight 

(g) 
Weight 

(%) 

Al(NO3)3 * 9 H20  2774.2   46.238  

Ca(NO3)2 * 4 H2O  280.2   4.670  

Cr(NO3)3 * 9 H2O  20.6   0.342  

Fe(NO3)3 * 9 H2O  198.4   3.306  

H2O-HNO3-Al-Ca-Cr-Fe-Mg-Ni  213.8   3.563  

Mg(NO3)2 * 6 H2O  1336.2   22.270  

HNO3  21.2   0.354  

NaNO3  164.6  2.742  

Ni(NO3)2 * 6 H2O  0.80   0.013  

Pb(NO3)2  198.8   3.314  

(COOH)2 * 2 H20  791.2  13.188  

Total   6000   100.000  

Note: This table presents an example of 6000 g of UNS solution salt.   

 

The recipe to prepare UNS Surrogate Solution follows these steps: 

1. The masses of reagent chemicals are measured in a plastic or aluminum weigh-boat or on waxed 
paper using a balance calibrated to ± 1-mg uncertainty. The quantity of material measured will be 
within 10 mg of the desired quantity of material. 

2. The weighed portion of reagent is transferred to a container for mixing. 

3. The salt formulation is then dissolved into water using 0.30 g of water per gram of salt.   

4. If the salts do not all dissolve, water is added in 10-mL increments until nearly all the salts are 
dissolved (about 2% remains). 

4.4 sWheat Kitty Litter  

The cat litter sWheat Scoop Original (sWheat) is made from wheat and was used in the remediation 
process that created the RNS waste. The amount of sWheat used was not well documented and as a 
result was included as a variable to establish the effectiveness of the proposed remedy against the range 
of materials expected in the RNS waste form.  

4.5 Zeolite  

KMI zeolite from Sandy Valley, Nevada, was used for the SwRI testing and was provided by LANL from 
the same lot used in blending-process development tests at LANL. It is one of the highest purity zeolites 
and has high absorptivity. Test analyses performed by SwRI on the KMI zeolite provided are included in 
Appendix Q (September 21 and 23, 2016, SwRI emails with test results). Analyses include particle-size 
distribution, moisture content, and clinoptilolite content. KMI also provided x-ray powder diffraction 
(XRPD) and total organic carbon (TOC) analyses of zeolite samples and these are provided in 
Appendix AA (Triclinic Labs, XRPD Measurements for Two Clinoptilolite Zeolites, April 10, 2017) and in 
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Appendix AB (Nelson Laboratories Total Organic Carbon [TOC]; Wet Oxidation Method Final Report, 
April 11, 2017). 

4.6 Waste Lock 770  

Waste Lock 770 is a solid, granular cross-linked polyacrylate material that swells and absorbs many times 
its weight in aqueous solutions. Waste Lock 770 has been engineered to absorb water under pressure 
and has properties for the absorption and solidification of low-level radioactive waste and other types of 
waste sludges.   

4.7 Portland Cement 

Portland Cement Type I/II is a common or general-purpose cement that also meets the low-heat 
requirements of Type II cement. 

4.8 Spilfyter Kolorsafe  

Spilfyter Kolorsafe is a liquid product (triethanolamine is the active chemical) that can adjust the pH of an 
acidic liquid and change color to indicate the pH of the solution. This neutralizer was used to adjust 
solution pH in the remediation process that created the RNS waste. 

4.9 PIG Acid and Base Neutralizers  

Before the use of Spilfyter Kolorsafe, a neutralizing absorbent product named PIG Acid 
Encapsulating/Neutralizing Absorbent that contains sodium carbonate was available at the WCRRF to 
adjust the pH of an acidic liquid at the time that nitrate salt waste containers were remediated with 
sWheat kitty litter. In addition, a neutralizing absorbent product named PIG Base 
Encapsulating/Neutralizing Absorbent that contains citric acid was also available at the WCRRF to adjust 
the pH of a basic liquid at the time the nitrate salt waste containers were remediated with sWheat kitty 
litter and may have been used to adjust solution pH in the remediation process that created the RNS 
waste. While it is unlikely that the product containing citric acid was used because the pH of nitrate salt 
solutions was usually very low (acidic), testing of surrogate solutions containing citric acid (as well as the 
sodium carbonate solutions) were included for completeness. 

4.10 RNS Waste Debris  

The RNS waste drums contain debris typically composed of plastic, cardboard, rubber gloves, WypAll 
rags, and lead. Some drums may also contain debris composed of cheesecloth, plywood, and Celotex 
material.  

5.0 SAMPLE TESTING 

5.1 SW-846 Test Method 1030 

SW-846 Test Method 1030 is used to help identify those solids that are “capable, under standard 
temperature and pressure, of causing fire through friction, absorption of moisture or spontaneous 
chemical changes and, when ignited, burn[s] so vigorously and persistently that it creates a hazard” 
[40 Code of Federal Regulations 261.21(a) (2)]. It is appropriate for pastes, granular material, solids that 
can be cut into strips, and powdery substances. The test method is described in Appendix A. 
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5.2 SW-846 Test Method 1050 

SW-846 Test Method 1050 provides a test procedure that may be used to evaluate and categorize liquid 
and solid wastes that are likely to self-heat or spontaneously combust. The test method is described in 
Appendix B. 

5.3 United Nations O.1 Test  for Oxidizing Solids  

United Nations (UN) O.1 is designed to measure the potential for a substance to increase the burning rate 
or burning intensity of a combustible substance when the two are thoroughly mixed. Tests are conducted 
on the substance to be evaluated mixed with dry fibrous cellulose in ratios of 1:1 and 4:1 by mass of 
sample to cellulose. The burning characteristics of the mixtures are compared with the standard 3:7 mixture 
by mass of potassium bromate to cellulose. If the burning time is equal to or less than the standard mixture, 
the burning times are compared with those from the Packing Group I or II reference standards. The test 
method is described in Appendix C. 

5.4 UN O.2 Test  for Oxidizing Liquids  

UN O.2 is designed to measure the potential for a liquid substance to increase the burning rate or burning 
intensity of a combustible substance when the two are thoroughly mixed or to form a mixture that 
spontaneously ignites. The liquid is mixed in a 1:1 ratio by mass with fibrous cellulose and heated in a 
pressure vessel while the rate of pressure rise is determined. The test method is discussed in Appendix D. 

5.5 Test Method 9095B (Paint Filter)  

Test Method 9095B is used to determine the presence of free liquids in a representative sample of waste. 
The test method is discussed in Appendix E. 

5.6  Sensitivity Testing  

In addition to the ignitability and corrosivity testing described above, sensitivity tests that included Drop 
Weight Impact, Friction, and Electrostatic Discharge were conducted to evaluate the surrogate’s 
sensitivity to mechanical impact, friction, and spark, and whether the D003 characteristic is applicable to 
the waste. Sensitivity testing descriptions are outlined in PLAN-TA9-2443 Rev B, Attachment B.5 In 
addition, and based on the recommendations of the LANL Explosives Review Committee (ERC), an 
external laboratory was utilized to conduct testing to evaluate the sensitivity of the material to thermal 
insults. Tests included the UN DOT Explosive Test Series 1b (Koenen test) and 1c (Time/Pressure test) 
to evaluate the thermal sensitivity of the surrogates in support of our hazardous waste determination.  

6.0 RNS AND UNS WASTE BLEND TESTS  

6.1 Surrogate Waste Blends to Simulate RNS and UNS Waste (Blends 1– 8, 25) 

Nitrate salt and sWheat blends are composed of a WB8 salt or control salt and sWheat. WB8 and the 
control salt are blended with sWheat in various ratios to simulate the blended nitrate salt material found in 
RNS drums. The compositions for the surrogate mixtures and the test results from D001 testing are 
presented in Table 3. The blends were prepared as follows: 
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1. The appropriate volume of sWheat Scoop kitty litter is transferred to the mixing container  
(4-L Nalgene bottle). 

2. The appropriate volume of WB8 salt or control salt is measured and added to the mixing 
container and mixed manually.  

3. The sWheat scoop kitty litter and salt mixture are heated at an external temperature of 60°C for 
16 h in the Nalgene bottle with the cap attached but not securely closed.  

Table 3 
Surrogate Waste and Test Results  

Blend No. 

Blend Compositions Test Results 

KNO3 
(g) 

WB8 Salt 
(g) 

Salt:sWheat 
Volume Ratio 

SW-846  
Test Method 1030 

SW-846 Test Method 
1050 UN O.1 Testing 

Blend 1 50 0 1:0 n/a* n/a Packing Group II 

Blend 2 50 0 1:1 Nonflammable Not self-heating Packing Group III 

Blend 3 50 0 1:3 Nonflammable Not self-heating Not Div. 5.1 

Blend 4 50 0 1:4 Nonflammable Not self-heating Not Div. 5.1 

Blend 5 0 50 1:0 n/a n/a Packing Group III 

Blend 6 0 50 1:1 Nonflammable Packing Group III Not Div. 5.1 

Blend 7 0 50 1:3 Nonflammable Not self-heating Not Div. 5.1 

Blend 8 0 50 1:4 Nonflammable Not self-heating Not Div. 5.1 

Blend 25 0 50 1:0.5 Nonflammable Packing Group III Packing Group II 
*n/a = Not applicable. 

 
Details of sample preparation and the testing of Blends 1–8 are included in Appendix F 
(December 22, 2015, SwRI test report). Blend 25 can be found in Appendix G (January 26, 2016, SwRI 
test report). It should be noted that the WB8 salts are less oxidizing than KNO3 (Packing Group II versus 
Packing Group III) yet create self-heating materials when mixed with sWheat, whereas neat KNO3 does 
not. 

6.1.1 Surrogate Waste Test Results  

As identified in Table 3, neat nitrate salts are good oxidizers (Blends 1 and 5), and when mixed with 
sWheat in ratios of 1:1 or greater, exhibit the characteristic of ignitability (WB8 fails the 1050 test and 
KNO3 fails the UN O.1 test). It is interesting to note that at higher concentrations of sWheat, the material 
would not be considered ignitable based on these tests (fuel rich materials). Because it is not clear what 
concentration of sWheat was used in the remediation process, the use of sWheat with nitrates supports 
application of HWN D001 to this waste form. However, estimates of sWheat to salt ratio in drum 68660 
were found to be closer to 1:1, consistent with the most reactive materials identified here.5 

6.2 Surrogate Blends with Zeolite (Blends 9 –24) 

Blending waste surrogates with zeolite was assessed for effectiveness to remove the D001, ignitable, 
designation from the RNS waste.  

The surrogate wastes prepared for testing and presented in Table 4 were mixed with zeolite and 
evaluated to understand the effect on ignitability, spontaneous combustion, and oxidizer testing. Recipes 
tested for zeolite blending with the surrogate RNS waste (Blends 9–13) include volume ratios of 1:0, 1:1, 
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1:3, and 1:4 salt to sWheat at constant zeolite addition (3:1 zeolite:RNS). KMI zeolite, 100% multipurpose 
zeolite (14 × 40 mesh), was used in the testing. Zeolite was manually mixed with the waste surrogate 
mixtures outlined in Table 4. The blends were then allowed to set for 24 h before tests were performed.
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Table 4 
Blending  Recipes for Surrogates  

Blend No.  

Surrogate Waste Composition 
Zeolite Blend Recipe 
(S/S = salt/sWheat) Test Results 

KNO3 
(g) 

WB8 Salt 
(g) 

Salt:sWheat 
Volume 
Ratio 

Water:(S/S) 
Volume 
Ratio 

Zeolite:(S/S) 
Volume Ratio 

SW-846 
Test Method 1030 

SW-846 
Test Method 1050 

UN O.1 
Testing 

Paint Filter  
Test Method 9095B 

Blend 9 50 0 1:0 n/a* 3:1 n/a: Salt n/a: Salt Not Division 5.1 No water added 

Blend 10 0 50 1:0 n/a 3:1 n/a: Salt n/a: Salt Not Division 5.1 No water added 

Blend 11 0 50 1:1 n/a 3:1 Nonflammable Not self-heating Not Division 5.1 No water added 

Blend 12 0 50 1:3 n/a 3:1 Nonflammable Not self-heating Not Division 5.1 No water added 

Blend 13 0 50 1:4 n/a 3:1 Nonflammable Not self-heating Not Division 5.1 No water added 

Blend 14 0 50 1:1 1:1 6:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 15 0 50 1:3 1:1 6:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 16 0 50 1:4 1:1 6:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 17 0 50 1:1 1:1 4:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 18 0 50 1:3 1:1 4:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 19 0 50 1:4 1:1 4:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 20 0 50 1:1 0.5:1 3:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 20R 0 50 1:1 0.5:1 2:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 21 0 50 1:3 0.5:1 3:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 21R 0 50 1:3 0.5:1 2:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 22 0 50 1:4 0.5:1 3:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 22R 0 50 1:4 0.5:1 2:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 23 0 50 1:0.5 0.5:1 4.5:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 

Blend 24 0 50 1:0.5 0.5:1 3:1 Nonflammable Not self-heating Not Division 5.1 No free liquids 
*n/a = Not applicable. 
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The addition of water before the addition of zeolite is expected to be beneficial to the blending process as 
well as reduce the amount of salt (oxidizer) available for the organic sWheat. The intent is to blend the 
salt/sWheat mixture with water before it is blended with zeolite. Recipes tested for zeolite blending with the 
surrogate RNS waste (with water) include volume ratios of 1:0.5, 1:1, 1:3, and 1:4 salt to sWheat with 
water added at ratios of 0.5:1 and 1:1, and zeolite to RNS waste ratios addition of 6:1, 4:1, 4.5:1, 3:1, and 
2:1. 

Blends 14 through 24 represent those in which water was added to the surrogate waste before it was 
mixed with zeolite. These blends were prepared as follows: 

1. 50 g of the WB8 salt was blended with sWheat kitty litter in the ratios identified in column labeled 
“Salt:sWheat Volume Ratio” in Table 4 and allowed to rest for 24 h.   

2. Once the salt and sWheat blend has rested, it was mixed with an equal volume of water for 5 min 
using a mechanical agitator at 500 revolutions per minute (rpm). 

3. After the mixture agitated for 5 min, zeolite was added and hand mixed into the solution. The 
blend was allowed to rest for 24 h before evaluation tests were performed. 

Details of sample preparation and the testing of Blends 9 through 24 are presented in Appendix F 
(December 22, 2015, SwRI test report) and in Appendix G (January 26, 2016, SwRI test report). UN O.1 
test for Blend 9 was rerun to verify the initial positive results were incorrect and are reported in Appendix I 
(March 3, 2016, SwRI test report). 

6.2.1 Zeolite Blending Test Results  

As noted in Table 4, the addition of zeolite in ratios of 2:1 or greater was effective in eliminating the 
characteristics of ignitability and corrosivity (eliminates liquids). The process was also effective for all 
blends involving the addition of zeolite using water as a processing aid (the preferred approach as 
established in Reference 8), demonstrating the robustness of this approach. (Note that Blends 9 and 10 
represent solid component for UNS, and Blends 11 through 24 represent solid component for RNS 
blends.) This result is not surprising given the test results identified in Reference 3, in which zeolite was 
effective at eliminating the oxidizing potential of nitrates at ratios as low as 1.2:1. Thus, stabilization using 
zeolite is effective at eliminating D001 and D002 from salt/sWheat mixtures. Its effectiveness for liquids 
absorbed using sWheat is discussed in Section 6.4.1. 

Zeolite to waste ratios greater than 3 were incorrectly prepared by the contractor. The corrected zeolite 
ratios for the intended blends are denoted as Blends 20R, 21R, 22R in Table 4. Details of testing of the 
corrected zeolite blend ratios are presented in Appendix R (December 22, 2016, SwRI test report). 

6.3 Cementation of Surrogate Blends (Cmnt 6 –15) 

Cementation (Cmnt) was the other primary treatment option identified and recommended in the Options 
Assessment Report1 and reviewed for implementation at LANL in the Engineering Options Assessment 
Report.8 Testing of cementation recipes at the bench scale at LANL and identified in the Engineering 
Options Assessment Report were examined and evaluated at SwRI. 

The first five formulations (Cmnt 1–5) were prepared and had problems with the formulation and setting of 
the cement. Based upon these observations, the preparation instructions were changed and the tests 
were modified to ensure that the cement set properly. 
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A total of 10 cementation tests were conducted. Surrogate blends for cementing the surrogate waste with 
Type I/II Portland cement are shown in Table 5. All the formulations with sWheat maintain a 4:1 water-to-
sWheat mass ratio. Testing at LANL previously used a 3.5:1 water-to-sWheat mass ratio. A higher ratio 
was used to reduce the amount of RNS waste in the cemented product and to ensure better remediation 
performance. The water-to-cement mass ratio for the tests ranged from 0.5:1 to 0.75:1. The lower ratio 
should provide a stronger, drier material. 

Table 5 
Cement  Recipes and Reactivity Results for Cementation Tests  

Cement 
Mix 

Number 

RNS Surrogate Waste 
Compositiona Cement Formulation Test Results 

KNO3 
(g) 

WB8 
(g) 

sWheat 
(g) 

Salt:sWheat 
Ratiob 

Water 
(g) 

Cement 
(g) 

Water: 
Cement 
Ratiob 

SW-846 Test 
Method 1030 

SW-846 Test 
Method 1050 

UN O.1 
Testing 

Cmnt 6 130 0 0 n/ac 373 495 0.75:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 7 0 130 0 n/a 373 495 0.75:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 8 0 225 75 3:1 300 400 0.75:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 9 0 88 88 1:1 352 470 0.75:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 10 0 68 91 0.75:1 364 485 0.75:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 11 0 82 82 1:1 328 504 0.65:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 12 0 72 72 1:1 288 576 0.5:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 13 0 212 70 3:1 282 432 0.65:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 14 0 63 84 0.75:1 336 517 0.65:1 Nonflammable Not self-heating Not Div 5.1 

Cmnt 15 0 80 80 1:1 320 530 0.60:1 Nonflammable Not self-heating Not Div 5.1 

a Water-to-sWheat mass ratio = 4:1 for all test mixes. 
b Mass ratio. 
c n/a = Not applicable. 

Salt or the WB8 surrogate and sWheat in the amounts identified in the Table 5 were mixed together and 
allowed to dry for 16 h at a temperature of 60 to 65 °C. The dried salt/sWheat mixture was then combined 
with water, the pH adjusted to a solution pH of 9–11 with NaOH, and mixed with Type I/II Portland cement 
in a high-shear mixer at about 750 rpm until the cement and waste were well blended. 

The cement mixtures were placed in a 32-oz container to set and covered with a plastic lid with a small 
hole for ventilation. The following observations were made every 24 h, starting 24 h after the mixture was 
placed in the plastic container: 

1. Exterior surface temperature taken at the bottom of the container 

2. Picture of the top surface of the mortar in the container 

3. Penetrometer (Humboldt H-4134) reading of the top surface of mortar sample 

The samples were allowed to cure for 10 d at ~22 °C before testing. The set material was crushed to less 
than 10 mesh and submitted for SW-846 and UN O.1 tests. Reactivity test results for each cement mix 
are presented in Table 5. Penetrometer and exterior surface temperature readings for each cement mix 
are included in Appendix G (January 26, 2016, SwRI test report). 



Summary Report of Comprehensive Testing of Treatment Methods for UNS and RNS Waste Streams 

14 

Details of sample preparation and the testing of cement mixes Cmnt 6–15 are presented in Appendix G 
(January 26, 2016, SwRI test report). 

6.3.1 Cementation Results  

The results of stabilization with cement are presented in Table 5. In all cases, stabilization was 
demonstrated to remove the D001 characteristic for this material. Discussions with transuranic waste 
experts around the complex indicated cementation is not a desirable means of treatment because of 
potential problems associated with dewatering and void generation within the material. Given the results 
derived by using zeolite, the option of cementation will not be pursued further. 

6.4 UNS Surrogate Solution and Blends with sWheat to Simulate RNS Waste (UNS Blends  1–
20) 

Blending UNS Surrogate Solution with zeolite was assessed for remedy effectiveness. This Surrogate 
Solution simulates the free liquid found in the UNS drums and absorbed into sWheat kitty litter during the 
preparation of the current set of RNS drums located at LANL. The sWheat blends described in this 
section represent material found in RNS drums. 

Because processing at WCRRF often involved neutralizing liquids using Spilfyter Kolorsafe, some of the 
blend recipes require the addition of Spilfyter Kolorsafe to neutralize the pH of the UNS Surrogate Solution 
before it is mixed with sWheat to create a representative surrogate. For these formulations, Spilfyter 
Kolorsafe liquid acid neutralizer addition is added to achieve an apparent pH ~of 4 to 9 as measured with 
Hydrion pH paper.  

In addition to the RNS waste processed with sWheat, four containers were processed with Waste Lock 770 
to absorb the free liquids from UNS parent containers. Testing using Waste Lock 770 is included here to 
establish the effectiveness of adding zeolite to these materials to eliminate the ignitability and corrosivity 
characteristics. 

The UNS Surrogate Solution (pH adjusted if called for) and the sWheat or Waste Lock 770 were 
combined in a beaker and mixed with a spatula for 2 min to absorb the solution. After resting for 1 d, the 
salt/sWheat mix was blended with water and/or zeolite according to the blend recipe. The blend 
composition and test results for the UNS surrogate solution blends are presented in Table 6. 

Details of preparation of the samples for UNS Blends 1–14, 16, and 18 and the testing for all except 
UNS Blends 1 and 14 are included in Appendix H (February 3, 2016, SwRI test report). Details of the 
testing for UNS Blends 1 and 14 are included in Appendix K (March 29, 2016, SwRI test report), and 
details of the testing for UNS Blends 19 and 20 are presented in Appendix N (June 29, 2016, SwRI 
test report). 
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Table 6 
UNS Surrogate Solution and Blend  Recipes Test Results 

Blend ID 

UNS Blend Formulation Test Results 

UNS Sol 
(mL) 

sWheat 
(mL) 

Waste 
Lock 770 

(mL) 

Water:Waste  
(Volume 
Ratio) 

Zeolite:Waste 
(Volume 
Ratio) 

SW-846 Test 
Method 1030 

SW-846 Test 
Method 1050 

UN O.1  
Testing 

UN O.2  
Testing 

Paint Filter  
Method 9095B 

UNS Blend 1 50 0 0 0 0 n/aa: Solution n/a:Solution n/a: Solution Not Div 5.1 n/a: Solution 

UNS Blend 2 50 50 0 0 0 Nonflammable DOTb Packing Grp III Not Div 5.1 n/a No free liquids 

UNS Blend 3 50 150 0 0 0 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 4 50c 50 0 0 0 Nonflammable DOT Packing Grp III Not Div 5.1 n/a No free liquids 

UNS Blend 5 50c 150 0 0 0 Nonflammable DOT Packing Grp III Not Div 5.1 n/a No free liquids 

UNS Blend 6 50 50 0 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 6a 50 50 0 0.5:1 2:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 7 50 150 0 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 7a 50 150 0 0.5:1 2:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 8 50c 50 0 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 8a 50 50 0 0.5:1 2:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 9 50c  150 0 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 9a 50 150 0 0.5:1 2:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 10 50 50 0 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 11 50 150 0 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 12 50c  50 0 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 13 50c  150 0 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 14 50 0 3.12 0 0 n/a: Solution n/a: Solution n/a: Solution Not Div 5.1 n/a: Solution 

UNS Blend 16 50 0 3.12 0 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

UNS Blend 18 50 0 3.12 0 2:1 Nonflammable Not self-heating  Not Div 5.1 n/a No free liquids 

UNS Blend 19 100d 50 0 0.5:1 3:1 Nonflammable Not self-heating  Not Div 5.1 n/a No free liquids 

UNS Blend 20 100e 50 0 0.5:1 3:1 Nonflammable Not self-heating  Not Div 5.1 n/a No free liquids 
a n/a = Not applicable. 
b DOT = U.S. Department of Transportation. 
c pH-adjusted solution (Spilfyter Kolorsafe). 
d pH-adjusted solution (citric acid): 50 mL of UNS Surrogate Solution and 50 mL of PIG base neutralizer. 
e pH-adjusted solution (sodium carbonate): 50 mL of UNS Surrogate Solution and 50 mL of PIG acid neutralizer. 
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6.4.1 Discussion of UNS Liquid Surrogate Testing  

As Table 6 indicates, almost all the liquid surrogate/sWheat mixtures, except for Blend 3, exhibited the 
characteristic of ignitability through failure of the SW-846 Test Method 1050 test and are classified as 
self-heating solids. The data indicated that while UNS Blend 2 did not exceed 200 °C, the material 
expanded significantly and when the expanded product was dissected, it showed charred regions, 
indicating temperatures greater than 200 °C. The test was rerun using the smaller volume (25-mm cube 
versus 100-mm cube). The material expanded but the temperature did not exceed 200 °C. It showed no 
signs of charring after dissection and the material was therefore categorized as a DOT Packing Group III 
solid (as opposed to DOT Packing Group II). Addition of Spilfyter Kolorsafe led to materials that yielded 
temperatures in excess of 700 °C in the 1050 test, demonstrating increased chemical reactivity of the 
acidic salt solutions when neutralized with triethanolamine. The addition of zeolite and use of water as a 
processing aid demonstrated the elimination of both the ignitability (D001) and corrosivity (D002) 
characteristics for the surrogate liquid and demonstrated the effectiveness of this stabilization method for 
these waste forms. Material was not tested without the addition of water because water used as a 
processing aid was identified before these tests were executed and was determined to be the optimum 
processing option as discussed in Reference 8. Finally, it was noted that the surrogate solutions did not 
exhibit the characteristic of ignitability as oxidizers. Additional samples with oxidizing nitrate liquids were 
prepared and tested to verify the effectiveness of the proposed remedy, and the results are presented in 
Section 6.5.  

Zeolite to waste ratios greater than 3 were incorrectly prepared by the contractor. The corrected zeolite 
ratios for the intended blends are denoted as 6a, 7a, 8a, and 9a in Table 6. Details of testing of the 
corrected zeolite-blend ratios are presented in Appendix R (December 22, 2016, SwRI test report). 

6.5 Alternate Solution Blends  

The UNS surrogate solution of the composition found in Table 2 was not identified as a Class 5 
Division 5.1 oxidizer (UNS Blend 1). Consequently, further testing to evaluate the impact of zeolite 
treatment on the solution was not required. To further examine the effectiveness of zeolite treatments of 
(1) UNS solutions as well as (2) sWheat mixed with UNS solution, a known Class 5 Division 5.1 liquid 
oxidizer was evaluated. In the first attempt, a saturated sodium nitrate solution was prepared for these 
tests. A 45-wt% solution of sodium nitrate was expected to be a Packing Group III Class 5 Division 5.1 
oxidizer9. Therefore, a saturated sodium nitrate solution is expected to be a more conservative solution 
than the liquids in the UNS containers. However, it was determined later that 45-wt% sodium nitrate 
solution should not be categorized as a Division 5.1 oxidizer.12 

Three nitrate solution formulations were prepared: 

�x An acidic formulation using 1-molar nitric acid and adding sodium nitrate salt until the solution is 
saturated and salt will no longer dissolve. 

�x A basic formulation using 1-molar sodium hydroxide and adding sodium nitrate salt until the 
solution is saturated and salt will no longer dissolve. 

�x An acidic formulation that is pH adjusted using Spilfyter Kolorsafe to adjust the pH. This formula 
was achieved by splitting the well-mixed saturated nitric acid sodium nitrate salt solution in half, 
resulting in two containers with equal volumes. Half the solution is pH-adjusted with Spilfyter 
Kolorsafe liquid acid neutralizer to an apparent pH of ~4–9, as measured with Hydrion pH paper. 
This solution was used for all blend formulations that specified “Neutralized Kolorsafe UNS Liquid.” 
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These nitrate solutions were then blended with zeolite (Table 7) using a step wise blending approach:   

Step 1:  Combine the solution and the sWheat in a beaker and mix with a spatula for 2 min to absorb the 
solution. Let the mixture set for 1 d. 

Step 2:  After the solution rests for 1 d, add water to the beaker and mix with a spatula for 2 min.  

Step 3:  Immediately after mixing the water into the mixture, add the zeolite and mix with a spatula for 
2 min. Wait 24 h for mixture to set before testing.   

The following blends required only the addition of zeolite: 

�x Sod Nit A - Zeo 1 & 2 

�x Sod Nit B – Zeo 1 & 2 

�x Sod Nit A pH – Zeo 1 & 2
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Table 7 
Alternate Solution Blend Recipes and Test Results  

Blend ID 
NaNO3 Blend Formulations 

Test Results Waste Composition Additives 

 

NaNO3 
Acidic 
(mL) 

NaNO3 
Basic 
(mL) 

NaNO3 

pH Adj. 
(mL) 

sWheat 
(mL) 

Water 
Vol Ratio 

H2O Waste 

Zeolite 
Vol Ratio 
Zeo Waste 

SW-846 Test 
Method 1030 

SW-846 Test 
Method 1050 

UN O.1 
Testing 

UN 
O.2 

Testin
 

Paint Filter 
Test 

Method 9095B 

Sod Nit A 50 0 0 0 0 0 n/a*: Solution n/a: Solution n/a: Solution Not 
 
 

n/a: Solution 
Sod Nit A 50 0 0 0 0 0 n/a: Solution n/a: Solution n/a: Solution Not 

 
 

n/a: Solution 
Sod Nit A-Zeo1 50 0 0 0 0 2:1 No Test No Test Not Div 5.1 n/a No free liquids 
Sod Nit A-Zeo2 50 0 0 0 0 3:1 No Test No Test Not Div 5.1 n/a No free liquids 
Sod Nit B 0 50 0 0 0 0 n/a: Solution n/a: Solution Not Div 5.1 Not 

 
 

n/a: Solution 
Sod Nit B-Zeo1 0 50 0 0 0 2:1 No Test No Test Not Div 5.1 n/a No free liquids 
Sod Nit B-Zeo2 0 50 0 0 0 3:1 No Test No Test Not Div 5.1 n/a No free liquids 
Sod Nit A pH 0 0 50 0 0 0 n/a: Solution n/a: Solution n/a: Solution Not 

 
 

n/a: Solution 
Sod Nit A pH -

 
0 0 50 0 0 2:1 No Test No Test Not Div 5.1 n/a No free liquids 

Sod Nit A pH-
Zeo2 

0 0 50 0 0 3:1 No Test No Test Not Div 5.1 n/a No free liquids 

Sod Nit A & 
sWheat 

50 0 0 50 0 0 Nonflammable DOT Packing 
Grp III 

DOT Packing 
Grp II 

n/a n/a 

Sod Nit A Blend 1 50 0 0 50 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit A Blend 2 50 0 0 150 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit A Blend 3 50 0 0 50 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit A Blend 4 50 0 0 150 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit B & 
sWheat 

0 50 0 50 0 0 Nonflammable Not self-heating DOT Packing 
Grp II 

n/a n/a 

Sod Nit B Blend 1 0 50 0 50 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit B Blend 2 0 50 0 150 0.5:1 3:1 Nonflammable n/a: Solution Not Div 5.1 n/a No free liquids 
Sod Nit B Blend 3 0 50 0 50 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit B Blend 4 0 50 0 150 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit A pH & 
sWheat 

0 0 50 50 0 0 Nonflammable Not self-heating DOT Packing 
Group III 

n/a n/a 

Sod Nit A pH 
   

0 0 50 50 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit A pH 

  
0 0 50 150 0.5:1 3:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

Sod Nit A pH 
  

0 0 50 50 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 
Sod Nit A pH 

  
0 0 50 150 0.5:1 4.5:1 Nonflammable Not self-heating Not Div 5.1 n/a No free liquids 

*n/a = Not applicable.
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Details of sample preparation and testing of the sodium nitrate solutions and blends are presented in 
Appendix L (June 27, 2016, SwRI test report 598447); Appendix O (July 5, 2016, SwRI test report); and 
Appendix R (December 22, 2016, SwRI test report). 

6.5.1 Alternate Blend Testing  

As noted above, 45-wt% sodium nitrate has previously been categorized as an oxidizing liquid. However, 
surprisingly, the 45-wt% did not exhibit oxidizing behavior when tested using the UN DOT O.2 protocol. 
Subsequent discussions with the contractor indicated a comprehensive study had been executed in 
201112 with a conclusion that 45-wt% sodium nitrate should not be considered an oxidizing liquid. As a 
result, after further discussions with the contractor, it was decided that additional materials, considered 
Class 5 Division 5.1 PG III oxidizers (see below), needed to be evaluated. Interestingly, while the liquid 
was not categorized as oxidizing by the test, when mixed with the sWheat, the resulting product is an 
ignitable solid (see tests with sWheat and no zeolite) with all three liquids (acidic sodium nitrate, basic 
sodium nitrate, and acid-neutralized sodium nitrate) categorized as self-heating solids as well as 
oxidizers. In all cases, the remedy was demonstrated as effective in removing the hazardous 
characteristics. 

A 65-wt% solution of ammonium nitrate was tested and determined to be a Class 5 Division 5.1 oxidizing 
liquid. This solution was then blended with two volumetric ratios of zeolite to evaluate the effectiveness of 
zeolite in eliminating the oxidizing characteristic. 

The 65-wt% ammonium nitrate solution was prepared by dissolving 650 g of ammonium nitrate in 350 g 
of deionized water to a final weight of 1000 g of solution. The samples were prepared by blending 200 mL 
of solution with 400 mL of zeolite to form a sample with 1:2 volumetric ratio of solution to zeolite, and 
blending 200 mL of solution with 600 mL of zeolite to form a sample with a 1:3 volumetric ratio of solution 
to zeolite. The blends were allowed to set for 24 h before analysis. The results of the UN O.1 and UN O.2 
testing are shown in Table 8. Details of the sample preparation and testing for the ammonium nitrate 
solution and blends are included in Appendix S (February16, 2017, SwRI test report). 

Table 8 
Ammonium Nitrate Solution Test Results  

Sample ID  

Test Results 

UN O.1 Testing UN O.2 Testing 

65% Ammonium Nitrate n/a* Packing Group III 

65% Ammonium Nitrate—Zeo 1 (1:2) Not Div 5.1 n/a 

65% Ammonium Nitrate—Zeo 2 (1:3) Not Div 5.1 n/a 

*n/a = Not applicable. 
 

The results of the testing demonstrate that zeolite is effective at ratios of 1:2 and a 1:3 in eliminating the 
oxidizing characteristic of the 65-wt% ammonium nitrate solution. 

6.6 Sensitivity Test Results 

While the particle size and nitration levels of these materials precludes them from exhibiting detonable 
behavior, it was recognized that they could possibly react rapidly and be “capable of detonation or 
explosive reaction  if it is subjected to a strong initiating source or if heated under confinement 
(emphasis added).” To evaluate this possibility testing was conducted to evaluate the sensitivity of the 
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surrogates to mechanical impact, friction, spark, and thermal insults. The testing is used to assess the 
reactivity of materials to exhibit violent reaction when insulted, and can be used to support the evaluation 
as to whether the characteristic of reactivity (D003) is applicable to the waste stream. The tests were 
conducted using a range of RNS and UNS blends, including UNS blends that incorporated neutralization 
by triethanolamine (generating triethanolamine nitrate) to evaluate the effect of this energetic material on 
the sensitivity of the UNS:sWheat mixtures. 

Drop Weight Impact, Friction, and Electrostatic Discharge testing for RNS Blends with variable sWheat 
and lead concentrations was conducted to assess mechanical, frictional, and static sensitivity. The testing 
procedure can be found in Reference 5, with results of the first-round of RNS surrogate testing in 
Appendix W and the results for UNS Blends neutralized with Kolorsafe (which contains triethanolamine) 
in Appendixes X (WX-7-AC-51933 Analytical Laboratory Report) and Y (WX-7-AC-52528 Analytical 
Laboratory Report). Triethanolamine nitrate was also tested and results are also in Appendix X. 

RNS surrogates were evaluated for thermal sensitivity using the UN DOT Explosive Test Series 1b 
(Koenen test) and 1c (Time/Pressure test). The testing was conducted by Fauske & Associates, LLC and 
documented in a summary of the analysis of the results in Appendix Z. 

6.6.1 Drop Weight Impact (DWI) Testing  

No RNS surrogates showed any impact sensitivity in any round of testing.  Each one showed 15 
consecutive No-Go responses when the test weight was dropped from 320 cm.  Note that all internal 
standards showed expected behavior. 

6.6.2 Friction Testing  

No RNS surrogates showed any friction sensitivity in any round of testing.  Each one showed 15 
consecutive No-Go responses with the largest weight at the full extent of the lever arm.  Note that all 
internal standards showed expected behavior. 

6.6.3 Electrostatic Discharge (E SD) Testing  

The RNS surrogates showed some spark sensitivity in all rounds of testing but there were no trends with 
sWheat content or lead content. Spark sensitivity is not unexpected in samples that have a volatile 
fraction, and even the insensitive explosive triaminotrinitrobenzene (TATB) exhibits weak ESD sensitivity.  
In the ESD sample holder, the sample is confined and any reactive gases are trapped until the probe 
needle discharges through the holder, causing the volatile head space to react. Note that all internal 
standards showed expected behavior. 

6.6.4 UN DOT Explosive Test Series 1b ( Koenen test) and  1c (Time/Pressure test)  

For thermal testing involving the UN DOT Explosive Test Series 1b (Koenen test) and 1c (Time/Pressure 
test), a matrix for the testing protocol was developed to evaluate mixtures that were derived from both 
solid and liquid nitrate salt surrogates (with and w/o neutralization) mixed with sWheat. For the solid RNS 
surrogates, ratios of salt to sWheat were chosen to maximize 1) chemical reactivity and 2) energy output.  
A 3:2 salt to sWheat ratio is approximately stoichiometric (oxidizer:fuel) and is expected to yield maximum 
energy output. However, the RNS waste is expected to have ratios of salt:sWheat that vary between 1:1 
and 1:3, based on the remediation process that was in place at the time the RNS waste was created. As 
a result, testing was also conducted with the 1:1 ratio, which has an expected lower thermal onset 
behavior then the 3:1 ratio material, based on the trends identified in Reference 5.  
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As a result of the sensitivity and thermal testing, we have determined that reactivity (D003) is not a 
characteristic of the RNS Waste.   

6.7 Zeolite Liquid Holding Tests  

KMI zeolite from Sandy Valley, Nevada was evaluated to determine the amount of surrogate UNS liquid it 
is capable of holding.  

KMI zeolite was mixed with UNS surrogate solution prepared as described in section 4.3 (see Table 2) 
but prepared with 7 molar nitric acid solution instead of water. Various volumetric ratios of solution and 
zeolite were blended together and then placed atop a 325 mesh screen with a pan below. The screen 
with the wetted zeolite and the pan were placed in a plastic bag and observed for 2 weeks. The amount of 
water that drained from the wetted zeolite and caught on the pan was then weighed. The blend 
information and the amount of water that reported to the pan is presented in Table 9.  

Table 9 

Zeolite Surrogate Solution Holding Test Results  

Blend ID  

Solution : Zeolite 

Vol Ratio 

Water on Drain Pan 

(g) 

UNS/Zeo 1 1:2 31.09 

UNS/Zeo 2 1:3 1.54 

UNS/Zeo 3 1:4 <0.01 

UNS/Zeo 4 1:5 <0.01 

 

The addition of zeolite in a volumetric ratio of at least 1:4 (solution to zeolite) results in no loss of liquid 
over a two week period.  The surrogate solution consisted of 7 molar nitric acid with salts added to 
saturation.  This highly acidic surrogate solution was used to ensure nitric acid salt solution does not 
reduce the holding capacity of the zeolite. 

Details of sample preparation and testing of the zeolite holding tests are presented in Appendix U (August 
1, 2017, SwRI test report). 

6.8 Zeolite Gas Generation Tests 

Gas was observed evolving during testing of the holding capacity of surrogate solutions with zeolite. 
Tests were initiated to determine the amount and type of gas that was being evolved. Zeolite was added 
to surrogate liquid used for the Liquid Holding Tests as described in Section 6.7 and the gas that evolved 
was collected and analyzed. One liter of acidic surrogate solution was added to one liter of zeolite in a 
one-gallon autoclave vessel that had been purged with nitrogen, evacuated, and sealed. Liquid was 
added using a pump with a check valve so that no air was introduced during addition of the liquid. Both 
pressure and temperature were measured and recorded. Approximately 1.5 liter of gas was then 
recovered from the autoclave and analyzed for hydrogen, oxygen, carbon dioxide, carbon monoxide, 
nitrogen, and nitrogen oxides. Results of analyses of gas recovered in the testing are shown in Table 10. 
The composition of the evolved gas other than nitrogen was nearly 100% carbon dioxide, likely derived 
from carbonate contaminants in the zeolite. Results sum to greater than 100% due to uncertainty 
associated with the measurements. 
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Table 10  

Zeolite Gas Evolution Composition  

Gas Vol % 

Hydrogen <0.5 

Oxygen <1.0 

Nitrogen 50.1 

Carbon Dioxide 52.1 

Carbon Monoxide <1.0 

NOx 0.12 

 

Details of sample preparation and testing of the zeolite gas generation tests are presented in Appendix U 
(August 1, 2017, SwRI test report). 

7.0 DEBRIS TESTING 

The RNS waste drums contain debris typically composed of plastic, cardboard, rubber gloves, rags, and 
lead. It is unclear if the debris that has comingled with RNS waste should carry the D001 code as an 
ignitable waste. To examine this aspect of the waste stream, various tests were performed. Samples of the 
debris types commonly found in RNS waste drums were subjected to environments that simulate the 
conditions in the RNS drums and were tested to determine how they respond to SW-846 Test 
Methods 1030 and 1050. The debris waste evaluated included cardboard liner, plastic bags, rubber gloves, 
WypAll rags, cheesecloth, plywood, and Celotex material. 

7.1 Effect of UNS Liquid on Organic Debris  

UNS Surrogate Solution was prepared and used to soak test samples of the different types of debris 
waste. Cardboard, plastic, rubber glove, and rag samples were submerged for 2 h in the UNS Surrogate 
Solution and then submitted for testing by SW-846 Test Methods 1030 and 1050. Samples of the 
cardboard liner, Celotex, plywood, plastic, and rubber glove were soaked and then allowed to drain for 1 
h, after which they were submitted for testing. The WypAll rags and cheesecloth were soaked, squeezed 
to remove excess moisture, and submitted for testing. 

Test results for the debris soaked in UNS Surrogate Solution are presented in Table 11. 

7.2 Effect of RNS Waste on Organic Debris  

RNS waste surrogate was prepared using WB8 salt surrogate and sWheat to coat the debris samples. 
A 1:1 by volume blend of WB8 salt-to-sWheat surrogate was prepared and comingled with the debris to 
simulate conditions found in the RNS drums. 

The debris samples were impregnated into the WB8 salt-to-sWheat surrogate using a rolling pin, and then 
the material was rolled onto the organic debris in an attempt to impregnate the debris with the RNS 
surrogate. After the material was rolled, the excess surrogate was shaken off. The debris samples along with 
samples of untreated materials were then submitted for testing by SW-846 Test Methods 1030 and 1050.  

Test results for the debris impregnated with surrogate RNS material are presented in Table 11. 



Summary Report of Comprehensive Testing of Treatment Methods for UNS and RNS Waste Streams 

23 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Table 11 
Debris Reactivity Test Results  

Debris Type Debris Treatment SW-846 Test Method 1030 SW-846 Test Method 1050 

Cardboard None Nonflammable Not self-heating 

Cardboard  Soak in UNS Solution Nonflammable Not self-heating 

Cardboard  Soak in UNS Solution Nonflammable Not self-heating 

Cardboard  Comingle with RNS Nonflammable Not self-heating 

Cardboard  Comingle with RNS Nonflammable Not self-heating 

Celotex None Nonflammable Not self-heating 

Celotex Soak in UNS Solution Nonflammable Not self-heating 

Celotex Soak in UNS Solution Nonflammable DOT Packing Group III 

Celotex Comingle with RNS Nonflammable Not self-heating 

Celotex Comingle with RNS Nonflammable Not self-heating 

Plywood None Nonflammable Not self-heating 

Plywood Soak in UNS Solution Nonflammable Not self-heating 

Plywood Soak in UNS Solution Nonflammable Not self-heating 

Plywood Comingle with RNS Nonflammable Not self-heating 

Plywood Comingle with RNS Nonflammable Not self-heating 

Plastic  None Nonflammable Not self-heating 

Plastic Soak in UNS Solution Nonflammable Not self-heating 

Plastic  Soak in UNS Solution Nonflammable Not self-heating 

Plastic Comingle with RNS Nonflammable Not self-heating 

Plastic Comingle with RNS Nonflammable Not self-heating 

Rubber glove  None Nonflammable Not self-heating 

Rubber glove Soak in UNS Solution Nonflammable Not self-heating 

Rubber glove  Soak in UNS Solution Nonflammable Not self-heating 

Rubber glove  Comingle with RNS Nonflammable Not self-heating 

Rubber glove  Comingle with RNS Nonflammable Not self-heating 

WypAll rag  None Flammable with rate of 
3.52 mm/s 

Not self-heating 

WypAll rag Soak in UNS Solution Nonflammable DOT Packing Group II 

WypAll rag  Soak in UNS Solution Nonflammable No duplicate test 

WypAll rag  Comingle with RNS Nonflammable Not self-heating 

WypAll rag  Comingle with RNS Nonflammable Not self-heating 

Cheesecloth Soak in UNS Solution Nonflammable DOT Packing Group III 

Cheesecloth Soak in UNS Solution Nonflammable No duplicate Test 

 

Details of the preparation of the samples and testing of cardboard, plastic, rubber glove, and WypAll rag 
debris surrogates can be found in Appendix J (March 11, 2016, SwRI test report), cheesecloth debris 
samples in Appendix T (May 17, 2017, SwRI test report) and Celotex and plywood debris samples in 
Appendix V (September 8, 2017, SwRI test report). 
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7.3 Debris Test Results  

Debris samples provided by LANL from actual materials used during the preparation of the RNS waste 
drums were treated with UNS solution and RNS surrogate waste to determine if the materials may be 
considered ignitable (D001). The conditions to which the test materials were subjected were far harsher 
than what actual materials will endure in the RNS waste drums before they are remediated. The debris 
was submerged for 2 h during the UNS solution testing and physically impregnated with RNS-blended 
salt/sWheat material to simulate contamination with RNS waste material. The tested samples were 
evaluated in duplicate to ensure results could be replicated, unless a positive result was achieved. It is 
clear from available RTR information that the debris will not encounter free liquids, nor will it be forcefully 
impregnated with RNS waste material before remediation. 

All the tested debris material passed the SW-846 Test Methods 1030 and 1050 testing, except the WypAll 
rags, cheesecloth and one of the two Celotex samples. This result is expected because these materials 
are cellulose-based and absorbent. The other materials are less absorbent and contain less cellulose-
based material.   

Based upon the above results, processes were developed to treat the WypAll rags, cheesecloth and 
Celotex to remove the characteristic of ignitability. This approach utilized the same type of blending with 
water and zeolite to take advantage of the equipment and materials to be used to treat the RNS waste. In 
the case of WypAlls and cheesecloth, additional testing was performed to verify this process is effective 
and the resulting product passes the tests for ignitability. The other debris waste tested (plastic, 
cardboard liner, plywood, rubber gloves) is not considered D001 (based on the testing described earlier) 
and will not be treated by blending with zeolite when encountered during remediation of the RNS drums. 
Celotex will be segregated (see below).  

7.3.1 WypAll  Rag Process Testing  

To evaluate the effectiveness of the proposed remedy for WypAlls, the following process was followed. 
WypAll rags soaked with UNS surrogate salt solution were blended with water at a ratio of seven WypAll 
rags per quart of water. The rags were blended with water in a Waring Model MX1500XTX blender to 
make a mixture that was then mixed with zeolite in an 8-qt KitchenAid mixer. The WypAll blend was 
mixed with zeolite at three volumetric WypAll blend-to-water ratios of 3:1, 4:1, and 5:1.  

The following steps were followed for this process: 

1. Add 1 qt of water to the blender 

2. Add 1 rag to the blender 

3. Place lid on blender 

4. Start blender at 75% speed 

5. Blend for 30 s 

6. Stop blender 

7. Repeat steps 2 through 6 until all seven rags have been added 

8. Start blender at 75% speed 

9. Increase speed to 90% and let blend 30 s 

The blended product was used to prepare the formulations identified in Table 11.    
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The WypAll blend was mixed with KMI zeolite as follows:  

1. Add the WypAll rag blend volume to the mixer bowl 

2. Add 1850 mL of KMI zeolite 

3. Mix on speed 8 for 10 s 

4. Reduce speed to 3 

5. Add 1850 mL of zeolite 

6. Mix for 30 s on speed 3 

7.3.2 WypAll  Process Test Results 

The “treated” samples of each WypAll blend mixture were tested using SW-846 Test Method 1030, 
SW-846 Test Method 1050, UN O.1, and Test Method 9095B (paint filter). Mixture compositions and test 
results are shown in Table 12. Details of preparing the WypAll processing samples and the testing can be 
found in Appendix M (June 27, 2016 SwRI test report 598466). 

Table 12 
WypAll  Treatment Blend Test Results  

WypAll Blend ID 
(Zeolite:WypAll Mix) 

WypAll Mixture 
(mL) 

Zeolite 
(mL) 

SW-846 Test 
Method 1030 

SW-846 Test 
Method 1050 

UN 
O.1Testing 

Paint Filter Test 
Method 9095B 

WB1 (3:1) 1233 3700 Nonflammable Not Self-heating Not Div 5.1 No free liquids 

WB2 (4:1) 925 3700 Nonflammable Not Self-heating Not Div 5.1 No free liquids 

WB3 (5:1) 740 3700 Nonflammable Not Self-heating Not Div 5.1 No free liquids 

 

The WypAll blend—once mixed with zeolite in a volumetric ratio of 3:1 or greater (zeolite-to-WypAll mix)—
passed ignitability testing (SW-846 Test Methods 1030 and 1050 and UN O.1) and paint filter testing. 

7.3.3 Cheesecloth  Testing  

To evaluate the effectiveness of the proposed remedy for cheesecloth, the following process was 
followed. Cheesecloth (1 rag ~45 grams) soaked with UNS surrogate salt solution was added to 0.7 qt of 
water in a shallow pan. The rag was then wrung out and 4 quarts of zeolite was added to the shallow pan 
and hand mixed with the liquid in the pan. The wet cheesecloth was then cut into 1 inch squares and 
added to the wet zeolite in the shallow pan and hand mixed for 1 minute to incorporate the cheesecloth 
into the zeolite. The resulting mix of zeolite, liquid and cheesecloth was then dried to a constant weight 
and submitted for ignitability testing (SW-846 Test Methods 1030 and 1050 and UN O.1) and paint filter 
testing.  

7.3.4 Cheesecloth  Process Test Results  

The treated cheesecloth material passed testing and was found to be “Nonflammable” (SW-846 Method 
1030), “Not Self Heating” (SW-846 Method 1050) and “Not Division 5.1” (UN Div 5.1). 

7.3.5 Celotex Testing  

Testing of the zeolite-blending process for Celotex debris was not performed because Celotex debris is 
expected to assay at less than TRU levels of contamination, could then be managed as mixed or low 
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level waste, and potentially be treated at a commercial RCRA-permitted treatment, storage, and disposal 
facility. Alternatively, the material will be evaluated from a process knowledge perspective and a 
determination made as to whether it would be acceptable to ship to WIPP as is. This is possible due to 
the fact that although one of the duplicate Celotex samples soaked in UNS solution tested as DOT 
Packing Group III, it is very unlikely that the Celotex debris in RNS drums was in contact with substantial 
quantities of liquids.    

8.0 WASTE-PROCESS TESTING 

LANL will use a KitchenAid mixer to process the RNS and UNS waste stored on-site. A preferred process 
has been identified based upon initial test work at LANL.11 The intent of this waste process testing is to 
ensure the blender, KMI zeolite, and proposed recipe provide adequate mixing of the zeolite and the 
surrogates to achieve expected results as had been achieved with the RNS Surrogate Solution treatment 
technology testing, UNS Surrogate Solution treatment technology testing, and the debris-zeolite blending 
tests. The blending tests utilize RNS salt surrogates, UNS Solution Surrogates, and WypAll surrogate 
materials. The KMI zeolite used for these verification tests was also subjected to an independent 
evaluation by SwRI to verify particle size, moisture content, and percentage of clinoptilolite. The mixing 
process used a KitchenAid mixer (8-qt model KSMC895ER) and a flat beater to mix the RNS waste with 
water and zeolite.  

Surrogate salts and solutions were prepared for RNS and UNS process tests (same ratios as those 
described in Section 6, RNS Waste Blend Tests). The surrogates were prepared in larger quantities and 
processed in the same make and model of equipment that will be used in glovebox operations at LANL. 
The process tests simulate the approach to be employed for remediating the waste found in the RNS and 
UNS drums. 

8.1 RNS Waste Surrogat e Process Testing  

WB8 surrogate salt (without water) and sWheat mixes shown in Table 13 were prepared as feed material 
for blending with zeolite. The WB8 salt and sWheat were mixed in an 8-qt KitchenAid mixer for 60 s. The 
sWheat and salt mixture was heated at an external temperature of 60 °C for 16 h in a Nalgene bottle with 
the cap attached but not securely closed. This material was then used in the RNS surrogate process 
tests. 

Twelve formulations were prepared by blending the prepared surrogate salt/sWheat material with zeolite. 
Zeolite mixing was achieved by employing an 8-qt KitchenAid mixer (model KSMC895ER) and processing 
as follows: 

1. Add water to bowl (if called for) 

2. Add RNS salt/sWheat mixture  

3. Blend on speed 3 for 3 min 

4. Measure and document solution temperature 

5. Measure and document solution pH 

6. Add ~half of KMI zeolite volume for the blend 

7. Blend on speed 8 for 10 s 

8. Reduce speed to 3 
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9. Add remaining KMI zeolite volume for the blend 

10. Blend for 30 s on speed 3 

11. Measure and document material temperature 

The prepared blends identified in Table 11 were then tested to evaluate their response to SW-846 
Test Method 1030, SW-846 Test Method 1050, UN O.1, UN O.2, and Test Method 9095B (paint filter). 
The resulting temperatures and pH readings measured during the processing operation are presented in 
Table 14. Details of preparing the RNS process samples and the testing can be found in Appendix P 
(August 30, 2016, SwRI test report). 

8.1.1 RNS Surrogate Waste -Process Test Results  

The test results from samples of RNS surrogate process blends are presented in Tables 13 and 14.
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Table 13 
RNS Surrogate Process Test Results  

BVT Blend ID 
(WB8:sWheat) 

Zeolite:Salt 
Volume Ratio 

Zeolite:RNS 
Waste Volume 

Ratio 

RNS Salt/sWheat Blend Constituents Test Results 

WB8 Salt 
(mL) 

sWheat 
(mL) 

Water 
(mL) 

KMI Zeolite 
(mL) 

SW-846 
Test Method 1030 

SW-846 Test 
Method 1050 UN O.1 

Test Method 
9095B 

(Paint Filter) 

BVT1 (1:0) 1.5:1 n/aa 2080 0 100 3120 Nonflammable Not self-
heating 

Not Div 5.1 No free liquidb 

BVT2 (1:0) 1.5:1 n/a 2080 0 0 3120 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT3 (1:0) 2:1 n/a 1730 0 100 3470 Nonflammable Not self-
heating 

Not Div 5.1 No free liquidb 

BVT4 (1:0) 2:1 n/a 1730 0 0 3470 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT5 (1:0) 2.5:1 n/a 1490 0 100 3700 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT6 (1:0) 2.5:1 n/a 1490 0 0 3700 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT7 (1:0) 3:1 n/a 1300 0 100 3900 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT8 (1:0) 3:1 n/a 1300 0 0 3900 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT9 (1:1) n/a 3:1 700 700 800 4200 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT10 (1:2) n/a 3:1 467   933 800 4200 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT11 (1:3) n/a 3:1 350   1050 800 4200 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

BVT12 (1:5) n/a 3:1 233   1167 800 4200 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

a n/a = Not applicable. 
b No free liquid collected during Method 9095B test, but free liquid observed in the storage bag after 8 d.
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None of the zeolite/surrogate-blended materials were found to exhibit the ignitable characteristic (D001), 
and all passed the paint filter test (no liquids; hence not corrosive, or D002). The remaining blended 
material was kept in ziplock bags and stored. After 8 d, the bags were examined for the presence of free 
liquids. BVT1 blend and BVT3 were noted to have some free-liquid release. 

Tests BVT1 through BVT8 simulate salts expected in the UNS waste drums. This material was not 
blended with sWheat before it was mixed with zeolite. Because free water was noticed after 8 d in blends 
BVT1 and BVT3, the volumetric ratio of zeolite-to-water and zeolite-to-salt both should be considered in 
determining a process recipe. As shown in Table 1, most of the surrogate salts contain water of hydration 
that add to the water content of the blend the zeolite must absorb. The addition of water in the recipe 
helps to dissolve the salts and to provide a mix that is more easily blended into the zeolite. For BVT 
blends that did not include the addition of water, a zeolite-to-salt ratio of 1.5 or greater is effective at 
treating the surrogate salt, while a zeolite-to-salt ratio of 2.5 or greater is effective for treating the BVT 
blends that correspond to surrogate salt with the addition of water. A greater volume of zeolite is required 
because of the added water.    

Tests BVT9 through BVT12 simulate RNS waste expected in the RNS waste drums. All four 
zeolite/surrogate blends tested were found not to exhibit the ignitable characteristic (D001), and all 
passed the paint filter test (no liquids; hence, not corrosive, or D002). These tests show that a 
zeolite-to-RNS waste volumetric ratio of at least 3:1 is effective at treating a range of surrogate 
RNS blends. 

Temperature and pH information for each RNS surrogate blend test is presented in Table 14. The pH for 
all of the tests was below 1.68, which was the lower limit of the pH meter used. This result is expected 
because of the acidic nature of the WB8 salt. The zeolite was effective at absorbing the acidic liquid 
associated with the RNS and water mixture. The water temperature (~37 oC) was lowered when the RNS 
surrogate material was added to the bowl because the surrogate was at a lower temperature and the salt 
dissolution is an endothermic process (~20 oC). This result also suggests that little or no problematic 
heating related to acid dissociation occurred. A slight temperature increase was typical after mixing with 
zeolite, which is known to react exothermically with water. A higher initial temperature was observed for 
blends BVT 9–12 because 800 mL of water was used in these tests, eight times more than during any 
previous tests. A temperature drop was noticed during the processing of the blends BVT 9–12, which is 
expected because of endothermic salt dissolution and heat loss through the mixer bowl. 

Table 14 
RNS Surrogate Process Blends p H and Temperature  

BVT Blend ID pH Reading 

Temperature (oC)  

Waste and Water 
Final Blend 
Temperature 

BVT1 <1.68 12.6 15.7 

BVT2 <1.68 16.3 19.2 

BVT3 <1.68 10.8 14.7 

BVT4 <1.68 19.7 20.2 

BVT5 <1.68 9.2 13.7 

BVT6 <1.68 19.7 19.9 

BVT7 <1.68 10.2 13.9 

BVT8 <1.68 19.7 20.1 



Summary Report of Comprehensive Testing of Treatment Methods for UNS and RNS Waste Streams 

30 

Table 14 (continued) 

BVT Blend ID pH Reading 

Temperature (oC)  

Waste and Water 
Final Blend 
Temperature 

BVT9 <1.68 27.4 25.3 

BVT10 <1.68 27.3 23.6 

BVT11 <1.68 35.5 29.7 

BVT12 <1.68 27.9 24.2 

 

8.2 UNS Surrogate Solution Process Tests  

UNS drums contain nitrate liquid solution that is expected to be saturated in salt concentration. The 
surrogate UNS solution as prepared in Section 1.2.4.1, Formulation of UNS Salt Solution Surrogate, will 
be used in the UVT blending. The solution will be blended with kitty litter and/or zeolite for these 
verification tests. 

Six gallons of UNS Solution Surrogate was prepared using the ratios found in Table 6 and following the 
procedure described in Section 1.2.4.1. This solution was used for UNS Surrogate Solution tests and 
Waste Lock 770 process tests. UNS solution/sWheat mixes presented in Table 15 were prepared and 
tested. Three UNS Surrogate Solution and sWheat blends were prepared for UVT4, UVT5, and UVT6. 
These UNS Surrogate Solution and sWheat blends were prepared in the KitchenAid mixer and allowed to 
set for 48 h. 

UNS solution or UNS solution mixed with sWheat were then blended with zeolite for testing. The zeolite 
blends were prepared as follows: 

1. Add 1000 mL warm water to bowl (if called for) 

2. Add solution/sWheat or UNS solution 

3. Add 1500 mL of solution/sWheat for UVT4, UVT5, and UVT6 

4. Specified volume of UNS solution for UVT1, UVT2, and UVT3 

5. Blend on speed 4 for 3 min 

6. Measure solution temperature and pH 

7. Add 1850 mL of KMI zeolite 

8. Blend on speed 8 for 10 s 

9. Reduce speed to 3 

10. Add 1850 mL of zeolite 

11. Blend for 30 s on speed 3 

12. Measure temperature of contents 

The prepared blends identified in Table 15 were then tested to evaluate their response to SW-846 
Test Method 1030, SW-846 Test Method 1050, DOT UN O.1, and Test Method 9095B (paint filter). The 
resulting temperatures and pH readings measured during the processing operation are shown in 
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Table 16. Details of preparing the UNS process samples and the testing can be found in Appendix P 
(August 30, 2016, SwRI test report). 

8.2.1 Discussion of UNS Surrogate Solution Process Test Results  

The test results from samples of UNS Surrogate Solution process blends are presented in Tables 15 and 16. 
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Table 15 
UNS Solution Process Test Results  

 UNS Solution/sWheat  Blend Constituents Test Results 

UVT Blend ID 
(Sol:sWheat) 

Zeolite:Sol 
Volume Ratio 

Zeolite: 
Sol/sWheat 

Volume Ratio 
UNS Sol 

(mL) 
sWheat 

(mL) 
Water 
(mL) 

Zeolite 
(mL) 

SW-846 
Test Method 

1030 

SW-846 
Test 

Method 
1050 UN O.1 

Test Method 
9095B 

(Paint Filter) 

UVT1 (1:0) 4:1 n/aa 1000 0 0 4000 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

UVT2 (1:0) 5:1 n/a 800 0 0 4000 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

UVT3 (1:0) 3:1 n/a 1330 0 0 4000 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

UVT4 (1:1) n/a 2.5:1 967 967 1000 3700 Nonflammable Not self-
heating 

Not Div 5.1 No free liquidb 

UVT5 (1:3) n/a 2.5:1   312  937 1000 3700 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

UVT6 (1:5) n/a 2.5:1   187  937 1000 3700 Nonflammable Not self-
heating 

Not Div 5.1 No free liquid 

a n/a = Not applicable. 
b No free liquid collected during Method 9095B test, but free liquid observed in the storage bag after 8 d.



Summary Report of Comprehensive Testing of Treatment Methods for UNS and RNS Waste Streams 

33 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

All the UNS surrogate process blends were found not to be ignitable and all passed the paint filter test. 
The remaining blended material was kept in ziplock bags and stored. After 8 d, the bags were examined 
for the presence of free liquids. UVT4 blend was noted to have some free-liquid release.   

Three UNS surrogate process blends (UVT1, UVT2, and UVT3) were prepared by adding UNS liquid 
directly to zeolite. These blends represent the processing of liquid expected to be found in RNS and UNS 
waste drums. All these blends were found not to be ignitable, all passed the paint filter test, and all were 
effective at absorbing the UNS solution. The ratio of zeolite to solution should be 3:1 or greater to ensure 
dewatering does not occur during UNS liquid processing. 

Three UNS surrogate blends (UVT4, UVT5, and UVT6) were blends of UNS solution and sWheat mixed 
with zeolite. Each sample was prepared with 1500 mL of RNS surrogate material that had swelled after 
blending the sWheat with the solution. The actual amount of dry sWheat and solution in the 1500 mL 
added to Blends UVT4, UTV5 and UVT6 are shown in Table 15. These blends represent the process for 
the material consisting of liquids that were absorbed with sWheat (during initial nitrate salt processing) 
and expected to be found in RNS waste drums. All these blends were found not to be ignitable, and all 
passed the paint filter test. Blend UVT4 was later found to have free liquids in the product bag, indicating 
that the volumetric ratio of zeolite to waste should be above 2.5. Blends UVT4, UVT5, and UVT6 also had 
the following ratio of liquid material to zeolite (when considering the UNS liquid absorbed in the sWheat 
and water added to the mixer): 

Blend ID   Volumetric Ratio of Zeolite -to-Liquid  

UVT4     1.88:1 

UVT5     2.82:1 

UVT6     3.12:1 

The addition of water during the RNS processing (for purposes of creating a consistency that blends well 
and allows for dissolution of nitrate salts) should be kept to a minimum to ensure zeolite-treated material 
does not become too moist. A zeolite-to-waste volumetric ratio of at least 3 and a zeolite-to-total liquid 
volumetric ratio 2.3 or greater will ensure the blended material will not dewater. 

Temperature and pH information for each UNS surrogate blend test is presented in Table 16. The pH for 
all of the tests was below 1.68, which was the lower limit of the pH meter used. This result is expected 
given the acidic nature of the UNS Surrogate Solution salt. A slight temperature increase was observed 
for the neat solutions mixed with zeolite (heat of adsorption of the water/zeolite), while a slight decrease 
was observed for the UNS/sWheat blends.  

Table 16 
pH and Temperature of UNS Solution Surrogate Process Blends  

UVT Blend ID pH Reading 

Temperature (oC)  

Waste and Water Final Blend 

UVT1 <1.68 21.9 26.5 

UVT2 <1.68 21.9 26.4 

UVT3 <1.68 22.4 25.6 

UVT4 <1.68 28.9 27.6 

UVT5 <1.68 29.0 28.6 

UVT6 <1.68 30.2 28.2 
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8.3 Waste Lock 770 Surrogate Process Tests  

Four RNS drums contain nitrate salts processed with Waste Lock 770. Treatment of these drums will 
follow a similar approach as that for the sWheat absorbed nitrate salts: blending the Waste Lock 770–
containing waste with zeolite.11   

UNS Surrogate Solution was mixed with Waste Lock 770 in the ratios presented in Table 17. The 
prepared UNS Solution/Waste Lock 770 mixtures were allowed to set for 48 h before they were mixed 
with zeolite. 

The Waste Lock 770 surrogate blends were prepared as follows: 

1. Add water to bowl (if called for) 

2. Add 1000 mL of Waste Lock 770–treated material 

3. Blend on speed 4 for 1 min 

4. Add approximately half the volume of zeolite  

5. Blend on speed 8 for 10 s 

6. Reduce speed to 3 

7. Add the remaining volume of zeolite  

8. Blend for 30 s on speed 3 

The prepared samples identified in Table 17 were then tested to evaluate how they respond to SW-846 
Test Method 1030, SW-846 Test Method 1050, DOT UN O.1, and Test Method 9095B (paint filter). 
Details of preparing the Waste Lock 770 process samples and the testing can be found in Appendix P 
(August 30, 2016, SwRI test report). 

8.3.1 Waste Lock 770 Surrogate Solution Process Test Results  

The reported addition rate of Waste Lock 770 to free liquids recovered from nitrate salt waste was 
typically 1 c of Waste Lock 770 to 1 gal. of nitrate solution (a volumetric ratio of 16:1 UNS solution to 
Waste Lock 770). Frequently, more Waste Lock 770 was used. Waste Lock 770 solution blends were 
designed to simulate the expected solution that will be found during RNS waste treatment. 

The addition of zeolite was effective in producing a treated material that was not ignitable. As was found 
during the initial processing of nitrate liquids with Waste Lock 770 and confirmed during this testing, 
Waste Lock 770 did not absorb the liquid salt solution because the pH was below 1. Consequently, the 
Waste Lock 770 solutions acted like UNS liquids. Free liquids were noticed at a volumetric ratio of zeolite 
to liquid of 2.0. When these solutions are treated, the volumetric ratio of zeolite to Waste Lock 770 
solution should be greater than 2.4:1. 
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Table 17 
Waste Lock 770 Solution Process Test Results  

UVT Blend ID 
(UNS Sol:Waste 

Lock 770) 

Blend Constituents Test Results 

UNS/Waste 
Lock 770 Sol 

(mL) 
Water 
(mL) 

Zeolite 
(mL) 

SW-846 
Test Method 1030 

SW-846 
Test Method 1050 UN O.1 

Test Method 
9095B 

(Paint Filter) 

WLVT1 (16.7:1) 1000 0 3000 Nonflammable Not self-heating Not Div 5.1 No free liquid 

WLVT2 (8.3:1) 1000 0 3000 Nonflammable Not self-heating Not Div 5.1 No free liquid 

WLVT3 (4.2:1) 1000 0 3000 Nonflammable Not self-heating Not Div 5.1 No free liquid 

WLVT4 (12.6:1) 1000 0 2000 Nonflammable Not self-heating Not Div 5.1 Contains free 
liquid 

WLVT5 (8.3:1)  1000 250 3000 Nonflammable Not self-heating Not Div 5.1 No free liquid 

 

9.0 EVALUATION OF PROPOSED REMEDY FOR CONSISTENCY WITH WIPP’S BASIS OF 
KNOWLEDGE DOCUMENT FOR OXIDIZING CHEMICALS IN TRANSURANIC WASTE 

The planned remedy for stabilization of the LANL RNS and UNS wastes with zeolite was evaluated for 
compliance with the  “Basis of Knowledge for Evaluating Oxidizing Chemicals in TRU Waste, DOE/WIPP-
17-3589, Revision 0” issued by the DOE Carlsbad Field Office in July 2017.13 No direct comparison can 
be made with LANL’s planned remedy and requirements in the Basis of Knowledge (BoK) document 
because the LANL testing and recipe for treatment are based on volumetric ratios of waste materials to 
zeolite, while the BoK requirements are expressed in terms of weight percent (wt%) of oxidizing materials 
and wt% of zeolite.  

9.1 LANL’s Planned RNS Waste Treatment  

The LANL recipe for treating RNS waste combines one volume of RNS waste (1.33 qt) with three 
volumes of zeolite (1 gal.), as shown in Figure 1. Results of analysis of the zeolite that will be used at 
LANL by x-ray powder diffraction are presented in Appendix AA (Triclinic Labs, XRPD Measurements for 
Two Clinoptilolite Zeolites, April 10, 2017) and show >99% of the crystalline mineral content is 
clinoptilolite. Results of testing of the zeolite for total organic carbon are provided in Appendix AB 
[Nelson Laboratories Total Organic Carbon (TOC): Wet Oxidation Method Final Report, April 11, 2017] 
and show total organic carbon <0.001%. The zeolite that will be used for treatment will be provided to 
LANL by KMI Zeolite in 1-gal. bags. These bags may vary in weight content; therefore, the bags are 
weighed before use in the RNS treatment process. Bags that contain less than 3100 g of zeolite will not 
be used for mixing with RNS waste material. 

 

Figure 1  LANL RNS treatment reci pe  
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The RNS waste that will be treated with zeolite consists of a mixture of sWheat kitty litter and nitrate salts 
that were precipitated by evaporating nitrate salt solution. The RNS waste was prepared by blending the 
nitrate salts with sWheat in a volumetric ratio of three parts sWheat to one part nitrate salt, as depicted in 
Figure 2.   

 

Figure 2  LANL RNS waste  

This recipe (three parts sWheat added to one part nitrate salt) was typical but the actual ratio may be 
different because of a lack of accurate measuring equipment during remediation of the nitrate salt waste. 
It is possible the ratio of sWheat to nitrate salt in LANL RNS waste may have approached one part 
sWheat to one part nitrate salt, as depicted in Figure 3. 

 

 

Figure 3  RNS waste based on volumetric ratio of 1:1  

Test work at SwRI and summarized in this report examined the effectiveness of combining RNS waste 
with zeolite. The testing examined RNS waste that was prepared by mixing sWheat and surrogate nitrate 
salts in ratios that ranged from 1:1 sWheat-to-nitrate salts to 3:1 sWheat-to-nitrate salt on a volume basis, 
as depicted in Figure 4.   

 

Figure 4  sWheat/nitrate salt blends tested by SwRI ranged 
from 1:1 to 3:1 sWheat -to-Nitrate salt  

The mixture of sWheat and nitrate salt was added to zeolite to verify that zeolite could effectively treat the 
ignitability (D001) characteristic of the sWheat and nitrate salt mixture. The blended sWheat and nitrate 
salt were mixed with zeolite in a KitchenAid mixer in ratios of three volumes zeolite to one volume 
blended sWheat and nitrate salt that was prepared in both 1:1 and 3:1 ratios of sWheat and nitrate salt, 
as depicted in Figures 5 and 6.  
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Figure 5  A mixture 1 volume of 1:1 sWheat and  nitrate 
salt mixed with 3 volumes of zeolite  

 

Figure 6  A mixture 1 volume of 3:1 sWheat and  nitrate salt 
mixed with 3 volumes of zeolite  

9.2 Basis of Knowledge Evaluation for RNS Solid Material  

The BoK uses weight ratios to set requirements that waste-generating sites such as LANL must meet for 
WIPP to accept treated waste with oxidizing chemicals. To determine the addition rates on a weight basis 
requires knowing the density of the materials combined in the LANL recipe. The volumetric conversions to 
a weight basis are as follows based upon the densities of the components: 

�x Zeolite Bulk density 0.82 g/cm3  775 g/qt 3100 g/gal. 

�x sWheat Bulk density 0.55 g/cm3  520 g/qt  

�x Nitrate Salts: 

�™ Al(NO3)3+9H2O  Bulk Density = 0.88 g/cm3 832 g/qt (Particle Density = 1.72) 

�™ NaNO3   Bulk Density = 1.28 g/cm3 1211 g/qt (Particle Density = 2.26) 

�™ KNO3   Bulk Density = 1.20 g/cm3 1135 g/qt (Particle Density = 2.11) 

�™ Cr(NO3)3+9H2O Bulk Density = 0.71 g/cm3 672 g/qt (Particle Density = 1.85) 

�™ Pb(NO3)2   Bulk Density = 2.08 g/cm3 1968 g/qt (Particle Density = 4.53) 

�™ Mg(NO3)2+6 H2O  Bulk Density = 0.70 g/cm3 662 g/qt (Particle Density = 1.46) 

�™ Ca(NO3)2+4 H2O Bulk Density = 1.00 g/cm3 946 g/qt (Particle Density = 1.82) 

 

The resulting weight percentages of nitrate salt and zeolite that would be found in the dry treated RNS 
waste using the LANL volumetric ratios are shown in Table 18 as a function of the salt bulk density. 
Section 6.1 of the BoK requires that the zeolite content of the dry treated material must be >70 weight 
percent. The maximum salt solid density shown in Table 18 is 2.08 g/cm3 for lead nitrate. UNS salt is 
expected to contain less than 10% Pb(NO3)2 (which results only from dissolution of the Pb liner) and 
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would result in a bulk density of 1.36 g/cc when conservatively using 10% lead nitrate and 90% sodium 
nitrate, the salts with the highest bulk densities.  

(0.9 × 1.28 g/cm3) + (0.1 × 2.08 g/cm3) = 1.36 g/cm3 [for 10% Pb(NO3)2, 90% NaNO3 salt blend] 

The following data were also used for the calculations in Table 18: 

�x KMI zeolite in each batch = 3100 g 

�x Bulk density of sWheat = 0.55 g/mL = 520 g/qt 

�x 1.33 qt of salt/sWheat mixture is mixed with 1 gal. of KMI zeolite in each batch 

Table 18  
Calculated Weight Percentages of  

Nitrate Salt/ sWheat and  Zeolite in Treated LANL RNS Waste Batch  

Salt 
Bulk 

Density 

1:1 Ratio of sWheat to Salt 2:1 Ratio of sWheat to Salt 3:1 Ratio of sWheat to Salt 

Vol of 
salt  Weight 

NO3 
Salt Zeolite 

Vol of 
salt  Weight 

NO3 
Salt Zeolite 

Vol of 
salt  Weight 

NO3 
Salt Zeolite 

g/cm 3 qt  g wt% wt% qt  g wt% wt% qt  g wt% wt% 

0.5 0.67 315 8.38 82.41 0.44 210 5.57 82.18 0.33 158 4.17 82.07 

1 0.67 631 15.46 76.04 0.44 421 10.55 77.85 0.33 315 8.01 78.78 

1.36 0.67 858 19.91 72.04 0.44 572 13.82 75.00 0.33 429 10.58 76.58 

1.55 0.67 978 22.08 70.09 0.44 652 15.45 73.58 0.33 489 11.89 75.46 

2.08 0.67 1312 27.55 65.17 0.44 875 19.70 69.89 0.33 656 15.33 72.51 

 

The calculated weight percentages of nitrate salt and zeolite (shaded yellow in table) for the nitrate salt 
components (identified by solid bulk density) show that the weight percentage of the oxidizing salt will be 
less than 30 wt% and the weight percentage of zeolite will be 70 wt% or greater at a bulk density of 1.55. 
This bulk density is much greater than the estimated worst-case bulk density of the LANL nitrate salt 
waste (1.36 g/cm3) for the 1:1, 2:1, and 3:1 ratios of sWheat to salt.  

9.3 Basis of Knowledge Evaluation for RNS Absorbed Liquid Material  

Some of the nitrate salt waste treated with sWheat was liquid that had dewatered from the salts. This 
liquid contains dissolved salts. When combined with sWheat, the liquid is absorbed and causes the 
sWheat to swell, as depicted in Figure 7, for a 1:1 volume ratio of sWheat and liquid. The resulting 
mixture of absorbed solution swells to approximately 155% of the initial sWheat volume.   

 

Figure 7  A 1:1 volume ratio of sWheat and liquid  
swells to 155% of the initial sWheat volume  
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Tests at various sWheat-to-liquid ratios were completed14 to determine the approximate percentage 
increase in bulk volume of the sWheat that is expected. Test results are presented in Table 19. 

Table 19  
Volume Increase of sWheat After Liquid Addition  

sWheat-to-Liquid Ratio 
Approximate Increase in Bulk 

Volume 

Volume % 

1:1 55 

2:1 65 

3:1 66 

 

For sWheat with absorbed liquids containing salt, the resulting weight percentage of nitrate salt that would 
be found in the dry treated RNS waste is related to the concentration of salt in the liquid. The salt 
concentration of treated LANL RNS waste was conservatively estimated using (1) the most soluble 
oxidizing salt in RNS waste (calcium nitrate tetrahydrate) and (2) the sWheat swelling test results. 
Magnesium nitrate hexahydrate was first considered but was not used because it is not classified as an 
oxidizer (BoK analysis). Calcium nitrate tetrahydrate has a solubility of 129.3 g in 100 g of water (Perry’s 
Chemical Engineers’ Handbook, 7th Edition [Reference 15], which results in a solution concentration of 0.88 
g/mL as described in Appendix AC, Calcium Nitrate Saturated Solution Salt Concentration @ 20 °C and 
Density Measurements). Table 20 shows the resulting zeolite content of dry treated RNS waste at various 
sWheat-to-solution ratios. Section 6.1 of the BoK requires that the zeolite content of the dry treated material 
must be greater than or equal to 70 wt%. Table 20 also includes values for a 1:1 sWheat-to-solution blend 
that can produce free liquid, making this a very conservative blend. The calculated weight percentages of 
zeolite is shaded in yellow. 

The following data was used for the calculations in Table 20: 

�x KMI zeolite in each batch = 3100 g 

�x Bulk density of sWheat = 0.55 g/mL = 520 g/qt 

�x 1.33 qt of salt/sWheat mixture is mixed with 1 gal. of KMI zeolite in each batch 

�x Calculations take solutions and water added to process to dryness  

 

Table 20 
Calculated Weight Percentages of Zeolite in a Dry Treated LANL RNS  

Waste Batch for Salt Solutions Combined with sWheat at Various sWheat- to-Solution Ratios  

Salt Solution 

RNS Waste Characteristics Treated Waste Characteristics 

Ratio 
Swell 

% 
Vol 

sWheat* 
Vol 

Solution Salt wt Zeolite wt sWheat wt 

 

Zeolite 

g/mL Salt Sol:sWheat vol% qt qt g g g wt% 

0.88 Ca(NO3)2 1:1 55 0.86 0.86 716 3100 447 72.70 

0.88 Ca(NO3)2 1:2 65 0.81 0.40 333 3100 422 80.42 

0.88 Ca(NO3)2 1:3 66 0.80 0.27 225 3100 416 82.86 
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*The volume of sWheat swells to 1.33 quart after addition of the solution in each case. 

The calculated weight percentages of zeolite (shaded yellow in the table) for the most soluble oxidizing 
nitrate salt component (calcium nitrate, 0.88 g/mL) show that the weight percentage of the zeolite in the 
treated waste will be greater than 70 weight percentage for all three ratios of salt solution to sWheat.  

9.4 Basis of Knowledge Evaluation for RNS  Free Liquids  

Free liquids in the RNS waste are first mixed with zeolite to absorb the free liquids. The zeolite with 
absorbed liquids is then blended with zeolite following the recipe of 1.33 qt of zeolite with absorbed liquids 
to 4 qt of dry zeolite. The weight percentage of the chemical oxidizer in the batch of treated free liquid 
solution is 18.5 wt% based on the very conservative assumptions that the salt in the free liquids is 
composed of calcium nitrate (0.88 g/mL) and the zeolite has the holding capacity shown in Table 5.4 of 
the BoK for zeolite with a 4 angstrom (Å) pore size. The KMI zeolite that LANL will use has a typical pore 
size of 4.0 to 7.0 Å. Table 5.4 of the BoK requires the chemical oxidizer in the treated waste be equal to 
or less than 35 weight percentage for zeolite with a pore size of 4 Å.  

The following data was used for the calculations in treating RNS free liquids: 

�x 1 gal. of KMI zeolite = 3100 g 

�x 1 qt of KMI zeolite = 775 g 

�x 1.33 qt of sorbed zeolite is mixed with 1 gal. of KMI zeolite in each batch 

�x Zeolite with a holding capacity of 1.15 mL/g (Table 5.4 of the BoK) 

�x Calculations take solutions to dryness and use hydrated form of salts in denominator as specified 
in section 5.6.1 of the BoK 

1.33 qt of zeolite will hold 1185 mL of saturated calcium nitrate solution: 

�x 1.33 qt zeolite × 775 g zeolite/qt × 1.15 mL Ca(NO3)2 sol/g zeolite = 1185 mL solution  

1.33 qt of zeolite contains 1043 g Ca(NO3)2: 

�x 1185 mL solution × 0.88 g Ca(NO3)2/mL of solution = 1043 g Ca(NO3)2 

Weight percentage chemical oxidizer in a dry treated LANL batch is 18.5 weight percentage using the  
liquid holding capacity for zeolite with a pore size of 4 Å in Table 5.4 of the BoK: 

�x Weight of chemical oxidizer (anhydrous) Ca(NO3)2 = 1043 g 

�x Weight of chemical oxidizer (hydrated) Ca(NO3)2+4 H2O = 1501 g 

�x Weight of zeolite = 4131 g = 5.33 qt zeolite × 775 g/qt zeolite  

�x Weight of a batch = 5632 g = 1501 g Ca(NO3)2+4 H2O + 4131 g zeolite 

�x Weight percentage Ca(NO3)2 = 18.5 weight percentage = [1043 g Ca(NO3)2/5632 g batch] × 100 

KMI Zeolite that LANL will be using for processing RNS waste has a measured liquid holding capacity of 
0.42 mL/g. This is 37% of the holding capacity of the zeolite identified in Table 5-4 of the BoK. The weight 
percentage chemical oxidizer in a batch of LANL-treated free liquid using KMI zeolite with a liquid holding 
capacity of 0.42 mL/g is only 8.1 weight percentage—far less than the BoK requirement that the dry 
treated material contain �”35 weight percentage oxidizing chemicals. Calculations are not provided 
because this is less conservative than the above calculations using zeolite with a liquid holding capacity 
of 1.15 mL/g in Table 5.4 of the BoK.   
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9.5 Basis of Knowledge Evaluation for Waste Lock 770  

Waste Lock 770 was used to solidify free liquid in the waste during the treatment of nitrate salts and is 
found in some of the RNS drums. Waste Lock 770 was typically found to be ineffective due to the acidic 
nature of the liquid. In some cases this liquid was then mixed with sWheat to absorb the liquid previously 
mixed with Waste Lock 770.   

Free liquid found in the RNS waste that was previously mixed with Waste Lock 770 will be processed as 
described in Section 9.4. Any Waste Lock 770 that may be in the liquid will not impact the calculations 
presented in section 9.4. These calculations show that the free liquid treatment process results in a 
weight percentage of chemical oxidizer in the treated free liquid solution of 18.5 wt%. This is less than 35 
weight percentage as required in Table 5.4 of the BOK and meets Section 6.1 of the BoK. 

Liquid solidified by the Waste Lock 770 will be treated as a solid granular material. The treated waste will 
contain less than 26.3 weight percentage oxidizing chemical and more than 73 weight percentage zeolite, 
which meets the requirements in Section 6.1 of the BoK and in Table 5.4 of the BoK. 

To determine the treatment effectiveness the following conservative assumptions are used: 

1. The liquid that the Waste Lock 770 was added to was saturated calcium nitrate solution. 
2. The addition of the Waste Lock 770 did not increase the volume of the liquid (conservative 

estimate). 
 

The following data was used for the calculations associated with liquids solidified with Waste Lock 770: 

�x 1 gal. of KMI zeolite = 3100 g 

�x 1.33 qt of solidified liquid is mixed with 1 gal. of KMI zeolite in each batch 

1.33 qt of solidified liquid will hold 1107g of Ca(NO3)2  : 

�x 1.33 qt liquid × 946 ml/qt x 0.88 g Ca(NO3)2 / ml  = 1107 g  Ca(NO3)2 

Weight percentage chemical oxidizer in a dry treated LANL batch is 26.3 weight percentage oxidizing 
chemical and 73.6 weight percentage zeolite: 

�x Weight of chemical oxidizer Ca(NO3)2 = 1107 g 

�x Weight of 1 gallon zeolite = 3100 g  

�x Weight of a batch = 4207 g = 1107 g Ca(NO3)2+ 3100 g zeolite 

�x Weight percentage Ca(NO3)2 = 26.3 weight percentage = [1107g Ca(NO3)2/4207 g batch] × 100 

�x Weight percentage zeolite =  73.6 weight percentage = [3100g zeolite/4207 g batch] × 100 

9.6 Basis of Knowledge Evaluation for WypAll  Rags  

WypAll Rags were used to clean up the glovebox when the LANL RNS waste was created. The rags will 
be combined with water, blended in a blender, and then mixed with 1 gal. of zeolite. Two cups of rags are 
blended in water for each batch and then mixed with 1 gal. of zeolite. Two cups of rags is approximately 
five rags. Each rag weighs 8 g and holds 63 g of water when soaked and 22 g of water when wrung out. 
The calculated salt and zeolite weight percentage for each batch is based upon a soaked rag containing 
0.88 g/mL of calcium nitrate solution. 
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Each wetted rag contains 55.4 g Ca(NO3)2 = 63 mL solution × 0.88 g Ca(NO3)2 / mL solution 

�x Weight of salt in a batch = 277 g: 

�™ 5 rags × 55.4 g Ca(NO3)2 = 277 g of Ca(NO3)2  

�x Weight of zeolite in a batch = 3100 g  

�™ 1 gal. zeolite × 3100 g zeolite/gal. = 3100 g zeolite 

�x Weight of rags in a batch = 40 g   

�™ 5 rags × 8 g/dry rag = 40 g rags 

�x Total weight of a batch is = 3417 g  

�™ 277 g Ca(NO3)2 + 40 g rags + 3100 g zeolite = 3417 g  

Weight percentage oxidizing chemical in a batch is 8.1 weight percentage = 277 g of Ca(NO3)2 /3417 g 
batch 

Weight percentage zeolite is 90.7 weight percentage = 3100 g zeolite/3417 g batch 

The calculated weight percentage oxidizing salt and zeolite in the dry treated product are 8.1 weight 
percentage and 90.7 weight percentage respectively, which is well within the BoK requirements (salt �”30 
weight percentage and zeolite �•70 weight percentage) even when assuming that the WypAll rags are 
soaked with a calcium nitrate solution. 

9.7 Basis of Knowledge Evaluation for Cheesecloth  

Cheesecloth was used to clean up the glovebox when the LANL RNS waste was created. The 
cheesecloth will be combined with water, cut into 1 inch squares, and then mixed with 1 gal. of zeolite. 
Two cups of cheese cloth are blended in water for each batch and then mixed with 1 gal. of zeolite. Two 
cups of rags is approximately three rags. Each rag weighs 45 g and holds about 283 ml of water when 
soaked. The calculated salt and zeolite weight percentage for each batch is based upon a soaked rag 
containing 0.88 g/mL of calcium nitrate solution. 

Each wetted cloth contains 249 g Ca(NO3)2 = 283 mL solution × 0.88 g Ca(NO3)2 / mL solution 

�x Weight of salt in a batch = 747 g: 

�™ 3 rags × 249 g Ca(NO3)2 = 747 g of Ca(NO3)2  

�x Weight of zeolite in a batch = 3100 g  

�™ 1 gal. zeolite × 3100 g zeolite/gal. = 3100 g zeolite 

�x Weight of rags in a batch = 135 g   

�™ 3 rags × 45 g/dry rag = 135 g rags 

�x Total weight of a batch is = 3982 g  

�™ 747 g Ca(NO3)2 + 135 g rags + 3100 g zeolite = 3982 g  

Weight percentage oxidizing chemical in a batch is 18.8 weight percentage = 747 g of Ca(NO3)2 /3982 g 
batch 

Weight percentage zeolite is 77.9 weight percentage = 3100 g zeolite/3982 g batch 

The calculated weight percentage oxidizing salt and weight percentage zeolite in the dry treated product 
are 18.8 wt% and 77.9 weight percentage respectively, which is well within the BoK requirements (salt 
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�”30 weight percentage and zeolite �•70 weight percentage) even when assuming that the cheesecloth is 
soaked with a calcium nitrate solution. 

9.8 Basis of Knowledge Evaluation for Non absorbent Debris Waste  

LANL intends to recover debris that is not absorbent, brush it off, and wipe it down before placing it in a 
daughter drum. Test work completed at SwRI on debris material (Section 7.0) found that debris that was 
not absorbent did not exhibit oxidizing behavior even when it was soaked in nitrate solutions or covered 
with nitrate salts. Section 5.7.1 of the BoK states that waste that has low porosity and is impermeable to 
liquids (e.g., glass, plastic, metal, undamaged waterproof lined fiberboard, Tyvek, Plexiglas) will not 
exhibit oxidizing behavior where there is no observable buildup of oxidizing chemical because of 
adhesion to the surface. This waste is considered to be surface-contaminated only. 

9.9 Basis of Knowledge Evaluation for UNS Solid Waste 

The waste found in UNS drums is nitrate salts and free liquids containing saturated nitrate salt solution. 
LANL plans to treat UNS nitrate salt waste by adding 1.33 qt of UNS salts to 1 gal. of zeolite as depicted 
in Figure 8. Bags used for UNS processing will be preweighed to ensure they contain at least 3200 g (a 
change was made from 3100 g to ensure we meet BoK requirements). The salts and zeolite would be 
blended as described above for RNS waste. The maximum weight percentage of oxidizing chemical in 
the treated waste is calculated to be 34.8 weight percentage based upon a conservative bulk density of 
1.36 g/cc for the UNS salts. Table 5.4 of the BoK requires the weight percentage salt to be <35 weight 
percentage for this type of material and inorganic sorbent. 

1.33 qt of salt with a bulk density of 1.36 will contain 1711 g of salt 

�x 1.33 qt salt × 946 mL/qt × 1.36 g salt/mL = 1711 g salt 

Each batch will be combined with 3200 g of zeolite 

The weight of each batch is 4911 g 

�x 3200 g zeolite + 1711 g of UNS salt = 4911 g/batch 

Weight percentage salt in batch of treated UNS salt is 34.8 weight percentage 

�x 1711 g of salt / 4911 g batch = 34.8% 
 

 

Figure 8  LANL UNS treatment recipe  
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9.10 Basis of Knowledge Evaluation for UNS Free Liquid Waste  

Free liquids in the UNS waste are first mixed with zeolite to absorb the free liquids. The zeolite with 
absorbed liquids is then blended with zeolite following the recipe of 2.66 qt of zeolite with absorbed liquids 
to 2 qt of dry zeolite. The weight percentage of the chemical oxidizer in the batch of treated free liquid 
solution is 31.5 wt% based on the very conservative assumptions that the salt in the free liquids is 
composed of calcium nitrate (0.88 g/mL) and the zeolite being used has the holding capacity shown in 
Table 5.4 of the BoK for zeolite with a 4 Å pore size. The KMI zeolite that LANL will use has a typical pore 
size of 4.0 to 7.0 Å. Table 5.4 of the BoK requires the chemical oxidizer in the treated waste be equal to 
or less than 35 weight percentage for zeolite with a pore size of 4 Å.  

The following data was used for the calculations in treating UNS free liquids: 

�x 1 gal. of KMI zeolite = 3100 g 

�x 1 qt of KMI zeolite = 775 g 

�x 2.66 qt of sorbed zeolite is mixed with 2 qt of KMI zeolite in each batch 

�x Zeolite with a holding capacity of 1.15 mL/g (Table 5.4 of the BoK) 

�x Calculations take solutions to dryness and use hydrated form of salts in denominator as specified 
in section 5.6.1 of the BoK 

2.66 qt of zeolite will hold 2371 mL of saturated calcium nitrate solution: 

�x 2.66 qt zeolite × 775 g zeolite/qt × 1.15 mL Ca(NO3)2 sol/g zeolite = 2371 mL solution  

2.66 qt of zeolite contains 2086 g Ca(NO3)2: 

�x 2371 mL solution × 0.88 g Ca(NO3)2/mL of solution = 2086 g Ca(NO3)2 

Weight percentage chemical oxidizer in a dry treated LANL batch is 31.5 weight percentage using the 
zeolite in Table 5.4 of the BoK: 

�x Weight of chemical oxidizer (anhydrous) Ca(NO3)2 = 2086 g 

�x Weight of chemical oxidizer (hydrated) Ca(NO3)2+4 H2O = 3002 g 

�x Weight of zeolite = 3612 g = 4.66 qt zeolite × 775 g/qt zeolite  

�x Weight of a batch = 6614 g = 3002 g Ca(NO3)2+4 H2O + 3612 g zeolite 

�x Weight percentage Ca(NO3)2 = 31.5 weight percentage = [2086 g Ca(NO3)2/6614 g batch] × 100 

KMI Zeolite that LANL will be using for processing RNS waste has a measured liquid holding capacity of 
0.42 mL/g. This is 37% of the holding capacity of the zeolite identified in Table 5-4 of the BoK. The weight 
percentage chemical oxidizer in a batch of LANL-treated free liquid using KMI zeolite with a liquid holding 
capacity of 0.42 mL/g is 16.2 weight percentage—much less than the BoK requirement that the dry 
treated material contain �”35 weight percentage oxidizing chemicals. Calculations are not provided 
because this is less conservative than the above calculations using zeolite with a liquid holding capacity 
of 1.15 mL/g in Table 5.4 of the BoK.   

9.11 Effectiveness of Zeolite Sorption of Acidic Saturated Nitrate Salt Solutions  

Section 5.4 of the BoK requires neutralization of liquid prior to sorption. In discussion with the authors of 
the BoK, it was evident that the requirement was derived over concern that a decrease in effectiveness of 
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sorbents will occur in the presence of strong acids. In our work, we are concerned with the potential of 
nitric acid (borderline on its characterization as a strong acid) to disrupt the zeolite molecular structure. In 
discussions with KMI, their studies have demonstrated that zeolite modifications require forcing 
conditions, including the use of heat. In addition, and as noted previously, we tested the sorption 
properties of 7 M nitric acid saturated with salt solution and found that at volume ratios of 4:1 zeolite to 
liquid, that dewatering does not take place. 

10. CONCLUSIONS 

Small-scale EPA SW-846 and UN DOT testing was conducted (1) to establish the characteristics of 
surrogates of nitrate salt mixtures and to ensure they bound the expected waste form and (2) to establish 
the effectiveness of stabilization technologies against the expected components found in both the UNS 
and RNS waste forms. The preferred option, stabilization using zeolite that uses water as a processing 
aid, was found to be effective at eliminating both characteristics of D001 and D002 for these materials. 
Further testing using the specific remediation process planned for use at WCRRF was also conducted to 
further demonstrate the effectiveness of the planned remedy. The planned remedy for LANL RNS and 
UNS wastes is also consistent with the BoK guidelines for acceptance of transuranic waste with oxidizing 
chemicals at WIPP after treatment. 

Cementation was found to be effective at removing D001 for a subset of the waste stream. Further testing 
was suspended after the effectiveness of adding zeolite was demonstrated and after consulting with 
experts on transuranic waste who identified potential issues with cementation as a remedy (dewatering, 
void generation, etc.). 
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Appendix C   

Test Method UN O.1 
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Test Method UN O.2 
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Test Method 9095B (Paint Filter) 
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METHOD 9095B

PAINT FILTER LIQUIDS TEST

1.0  SCOPE AND APPLICATION

1.1 This method is used to determine the presence of free liquids in a representative
sample of waste.

1.2 The method is used to determine compliance with 40 CFR 264.314 and 265.314.

2.0  SUMMARY OF METHOD

2.1 A predetermined amount of material is placed in a paint filter.  If any portion of the
material passes through and drops from the filter within the 5-min test period, the material is
deemed to contain free liquids.

3.0  INTERFERENCES

3.1 Filter media were observed to separate from the filter cone on exposure to alkaline
materials.  This development causes no problem if the sample is not disturbed.

3.2 Temperature can affect the test results if the test is performed below the freezing
point of any liquid in the sample.  Tests must be performed above the freezing point and can,
but are not required to, exceed room temperature of 25 oC.

4.0  APPARATUS AND MATERIALS

4.1 Conical paint filter -- Mesh number 60 +/- 5% (fine meshed size).  Available at local
paint stores such as Sherwin-Williams and Glidden.

4.2 Glass funnel -- If the paint filter, with the waste, cannot sustain its weight on the
ring stand, then a fluted glass funnel or glass funnel with a mouth large enough to allow at least
1 in. of the filter mesh to protrude should be used to support the filter.  The funnel should be
fluted or have a large open mouth in order to support the paint filter yet not interfere with the
movement, to the graduated cylinder, of the liquid that passes through the filter mesh.

4.3 Ring stand and ring, or tripod.

4.4 Graduated cylinder or beaker -- 100-mL.

5.0 REAGENTS

5.1 None.
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6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

A 100-mL or 100-g representative sample is required for the test.  If it is not possible to
obtain a sample of 100 mL or 100 g that is sufficiently representative of the waste, the analyst
may use larger size samples in multiples of 100 mL or 100 g, i.e., 200, 300, 400 mL or g. 
However, when larger samples are used, analysts shall divide the sample into 100-mL or 100-g
portions and test each portion separately.  If any portion contains free liquids, the entire sample
is considered to have free liquids.  If the sample is measured volumetrically, then it should lack
major air spaces or voids.

7.0  PROCEDURE

7.1 Assemble test apparatus as shown in Figure 1.

7.2 Place sample in the filter.  A funnel may be used to provide support for the paint
filter.  If the sample is of such light bulk density that it overflows the filter, then the sides of the
filter can be extended upward by taping filter paper to the inside of the filter and above the
mesh.  Settling the sample into the paint filter may be facilitated by lightly tapping the side of the
filter as it is being filled.

7.3 In order to assure uniformity and standardization of the test, material such as
sorbent pads or pillows which do not conform to the shape of the paint filter should be cut into
small pieces and poured into the filter.  Sample size reduction may be accomplished by cutting
the sorbent material with scissors, shears, a knife, or other such device so as to preserve as
much of the original integrity of the sorbent fabric as possible.  Sorbents enclosed in a fabric
should be mixed with the resultant fabric pieces.  The particles to be tested should be reduced
smaller than 1 cm (i.e., should be capable of passing through a 9.5 mm (0.375 inch) standard
sieve).  Grinding sorbent materials should be avoided as this may destroy the integrity of the
sorbent and produce many "fine particles" which would normally not be present.

7.4 For brittle materials larger than 1 cm that do not conform to the filter, light crushing
to reduce oversize particles is acceptable if it is not practical to cut the material.  Materials such
as clay, silica gel, and some polymers may fall into this category.

7.5 Allow sample to drain for 5 min into the graduated cylinder.

7.6 If any portion of the test material collects in the graduated cylinder in the 5-min
period, then the material is deemed to contain free liquids for purposes of 40 CFR 264.314 and
265.314.

8.0  QUALITY CONTROL

8.1 Duplicate samples should be analyzed on a routine basis.

9.0  METHOD PERFORMANCE

9.1 No data provided.

10.0  REFERENCES

10.1 None provided.
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FIGURE 1
PAINT FILTER TEST APPARATUS
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METHOD 9095B
PAINT FILTER LIQUIDS TEST
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SwRI Test Report, December 22, 2015 
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WETCHEM ANALYSIS  
 
Initial sample preparation 
 
Throughout the course of testing, modifications to the surrogate preparation took place causing multiple 
preparations and analyses for some surrogates.  The number of times each surrogate was made and 
analyzed can be found in Table 1.  After Blends 6, 7, and 8 were initially made and analyzed for most 
tests, the project issued a revision to the SOW to include drying the Blends at 60°C in Nalgene bottles 
for 16 hours with the lid loosely attached. The drying was done in order to simulate the aging of the 
mixture to mimic the actual contents of the drum.   When this was done, there was uneven heating that 
occurred, which resulted in the top portions becoming dry but the lower portions remaining very moist. 
Also, Blend 6 blew the cap off during this drying process throwing some of the sample onto the oven 
base.  At the direction of the client, the blends were then reprepared and dried in Pyrex pans covered 
with a layer of saran wrap with holes in it at 65°C for at least 16 hours. This seemed to work well for 
Blends 7 and 8 but Blend 6 needed additional time heating to become dry.  This final method for 
creating the dried Swheat/WB8 mixture was used later to create Blends 11, 12, 13, 14, 15, and 16. A 
picture of the drying on the hotplates can be seen in Images 1 and 2.  
 
Issues also arose during the preparation of the cements. All cement blends were initially prepared 
according to the original SOW using the moist Swheat/WB8 mixture.   The amount of sodium 
hydroxide added to the blends closely matched that identified in the SOW and the cements immediately 
began to set.   However, it was during the 7-day curing period that the project changed the SOW 
requiring the Swheat/WB8 mixtures be dried prior to analysis. Therefore, Cements 3, 4, and 5 needed to 
be remade.  During the second attempt at making these cement blends, the drying of the Swheat/WB8 
mixture caused the loss of nitric acid thus reducing the amount of sodium hydroxide required to make 
the pH remain between 9 and 11. Once the water was adjusted for this and combined with the cement, it 
formed a mixture that did not set well. The cements were easily broken apart and crumbled. The project 
was informed of this, and a third revision to the SOW was made.  The revision halted the processing 
and testing of the first five cement blends and created ten new cement blends, which are pending at the 
time of this report.    
 
Blends 11-16 used the dried Swheat/WB8 mixtures for their preparation.  For Blends 11, 12, and 13, the 
dried Swheat/WB8 mixtures were mixed with zeolite and allowed to sit for an additional 24 hours prior 
to analysis.   For Blends 14, 15, and 16, the dried Swheat/WB8 mixtures was mixed 1:1 with water for 5 
minutes before adding to zeolite and allowing to sit for 24 hours prior to testing.  
 
SW-846 1030: Ignitability of Solids 
 
The surrogate material was formed into an unbroken powder train, 250 mm in length. An ignition 
source is applied to one end of the test material to determine whether combustion will propagate along 
200 mm of the strip within 2 minutes. If the material combustion propogated, the burning time was 
measured over a distance of 100 mm and the rate of burning would be determined. 
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Table 1. Surrogate creation and analysis table 

Surrogate ID 
Times 
made 

Methods 

1030 1050 UN Ox 

Blend 1 1 
  

1 

Blend 2 1 1 1 1 
Blend 3 1 1 1 1 
Blend 4 1 1 1 1 
Blend 5 1  * *  1 
Blend 6 3 2 2 2 
Blend 7 3 2 2 1 
Blend 8 3 2 1 1 
Blend 9 1  * *  1 
Blend 10 1  * *  1 
Blend 11 1 1 1 1 
Blend 12 1 1 1 1 
Blend 13 1 1 1 1 
Blend 14 1 1 1 *  
Blend 15 1 1 1 *  
Blend 16 1 1 1 *  
Cement 1 1  * *  1 
Cement 2 1  * *  1 
Cement 3 2 0 0 0 
Cement 4 2 0 0 0 

Cement 5 2 0 0 0 

*Testing not required for these methods. 
 
The surrogates were formed in a metal triangular train that is 250mm long. The samples were then 
placed onto a ceramic tile with marks at 80 and 180 mm in from the end of the train. The ceramic tile 
was placed about 8 inches deep in a hood with the sash lowered to give an airflow of approximately 0.7 
m/sec. The end (0 mm) of the train was exposed to an acetylene torch with a temperature greater than 
1000°C. The torch was held there for 2 minutes and if the sample began to burn down the train the time 
taken to get from the 80 to 180 mm mark was measured to determine the burn rate.  
 
Blends 2, 3, and 4 did begin to propograte down the train at different rates and lengths; however, the 
burn tes were slow. Some of the readings took 3 minutes to burn approximately 50 mm. The nitrate salts 
were charring and becoming molten before continuing to burn slowly down the train. Since the rate was 
so slow, the samples were considered to have a non-flammable. After the burning was complete, a hard 
melt was left on the ceramic that took some effort to scrap off, see Image 3.  
 
The Swheat/WB8 mixtures did very little burning past the point of the flame initiation. Blends 6 burned 
immediately in the vicinity of the flame but the ignition did not propogate down the train.  The ash like 
material, from Blend 6, blew to the back of the ceramic tile and can be seen in Image 4. Blends 7 and 8 
whitened at the point of the flame and then charred slightly past the flame point and can be seen in 

������������

�3�D�J�H���������R�I��������



Image 5. Although Blends 6-8 appeared to combust, the material did not propogate; therefore, under the 
criteria and conditions of the test, the material is considered non-flammable.   The Swheat/WB8:Zeolite 
mixtures (Blends 11, 12, 13, 14,15 and 16) did very little during the burn period. The zeolite whitened 
and there was little charring as seen in Image 6.  These materials were also considered non-flammable.  
 
Fine Excelsior (natural hardwood shavings) were used as a positive control each day testing was 
performed.  
 
SW-846 1050: Spontaneous combustion and self heating 
 
The surrogates for this analysis were first sprinkled several times onto a ceramic tile to observe if they 
smoked or flamed and could be considered pyrophoric solids by test Method A. Since none of the 
samples exhibited these characteristics, they were tested by Method C. In this test, a 100-mm sample 
cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 hours to determine whether it 
undergoes spontaneous ignition or a rise in sample temperature to over 200C within the 24 hours.  If the 
results of the preliminary test are positive, a second test using a 25-mm sample cube is conducted to 
further classify the waste as specified in Table 2. 
 
Table 2.  Method 1050 Waste Classification 

Results of Self-Heating Test DOT Packing Group 
Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for then 100-mm , but negative for the 25-mm cube test III  
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II 

  
The filled cubes were placed into an oven having two thermocouples measuring the oven temperature.  
Two to four thermocouples inserted into each sample to measure its temperature during the analysis. 
After several events which caused the contents of the cube to expand out of the cube, lids were made 
using the same wire mesh as the holders and were placed onto the top of the cubes. Tungsten weights 
were placed on top to keep the lid on and thermocouples from coming out of the sample during an 
event.  Also, two thermocouples were placed in a tray below the sample in case any sample pushed out 
of the cube and onto the tray. Image 7 shows a typical setup for the testing. Once the thermocouples 
were in place, the oven was ramped to 140°C ± 2°C and held for a minimum of 24 hours.  Initially, the 
wet Swheat/WB8 blends did not reach temperature within the 24 hours; therefore, the time was 
extended to a minimum of 24 hours after the sample reached temperature.  Temperatures of the oven 
and sample were collected every 10 seconds and plotted to determine if the sample temperature 
exceeded 200°C anytime during the test. At the conclusion of the test, the oven was turned off and 
allowed to cool before removing the sample.  
 
Blends 2, 3, and 4 were all run together and did not exceed 200°C any time during the analysis.  The 
temperature graph is located in Figure 1.  The average temperatures of the ovens and blends are 
overlayed on the graph.   The only noticeable change to the sample was the darkening of the Swheat and 
some compaction of the sample as seen in Image 8. Blends 6, 7, and 8 were initially run together before 
drying of the Swheat/WB8 mixture was implemented. A little over two hours into the testing an event 
occurred  that caused the oven and Blend 8 to exceed 200°C. The run was ended prior to the 24 hours to 
examine the contents of the oven.  The images of the event can be seen in Image 9. Figures 2-5 are 
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individual temperature graphs of the Oven, Blend 6, Blend 7 and Blend 8.  The temperature of each 
thermocouple was plotted individually instead of averaged for reference. After this occurrence, testing 
was performed one sample at a time when the reactivity of the sample was in question. The wet Blend 6 
and 8 were retested.  In Figure 6, the graph indicates the average temperature of the oven and the 
temperature of the four thermocouples placed in the sample.  While retesting the wet Blend 6, an event 
occurred at approximately 2 hours into the test. Although the temperature of the sample did not exceed 
200°C, the sample expanded out of the cube onto the bottom of the oven.  From the graphs, this appears 
to have occurred when the sample temperature was approximately 70o C since the temperature of the   
thermocouples in the pan dropped significantly before rising back up to oven temperature (See Figures 6 
and 7).  The outcome of Blend 6 retest can be seen in Image 10. No incident occurred during the retest 
of wet Blend 8 (See Figure 8).  Blend 7 was not retested wet since it was at this point it was decided to 
dry all the Swheat/WB8 mixtures.  
 
After repreparing and drying Blends 6, 7, and 8, they were tested individually. Blend 6 had an event 
occur when the sample reached about 76°C causing the sample to rise well above 600°C (See Figure 6). 
During this time period, smoke and debris was seen blowing out the back of the oven vents and smoke 
continued to stream out of the oven vent for some time. The analysis was cut short due to failure of the 
sample; the event image can be seen in Image 11.  Blends 7 and 8 had slight elevation of temperature 
above 140°C but not exceeding 150°C (See Figures 10 and 11). These two samples darkened during the 
analysis but did not have the same event occur as that of Blend 6.  An Image of Blend 7 after the 1050 
testing can be seen Image 12.   Blends 11 - 16 were very uneventful and never exceeded 145°C.  An 
image of what Blends 14, 15, and 16 looked like can be seen in Image 13. After all analysis was 
completed it was seen that only Blend 6 was considered self heating. See Figures 12-17 for the 
temperature graphs.   
 
Since dried Blend 6 was positive in the 100-mm cube test, it was repeated, in duplicate, using the 25-
mm cube (see Image 14).    The temperature of the 25-mm cubes did not exceed 145°C (See Figure 18); 
however, like the 100 mm cube test, the material did expand significantly (see Image 15).  Since dried 
Blend 6 was positive for the 100 mm cube but negative for the 25-mm cube, it received a DOT Packing 
Group III rating.  All other blends were classified as Not a Self-Heating Waste as defined by the 
conditions of the test method.  
 
DOT UN Oxidation Testing 
 
The Blends were tested in accordance with the United Nations (UN) “Recommendations on the 
Transport of Dangerous Goods”, Section 34, �&�O�D�V�V�L�I�L�F�D�W�L�R�Q���3�U�R�F�H�G�X�U�H�V�����7�H�V�W���0�H�W�K�R�G�V���D�Q�G���&�U�L�W�H�U�L�D��
�5�H�O�D�W�L�Q�J���W�R���2�[�L�G�L�]�L�Q�J���6�X�E�V�W�D�Q�F�H�V���R�I���'�L�Y�L�V�L�R�Q��������������The UN procedure assesses the relative hazard of 
oxidizing substances so that an appropriate classification for transport can be made.  Tests are 
conducted on the samples mixed with dry fibrous cellulose in mixing ratios of 1:1 and 4:1, by mass, of 
sample to cellulose.  The burning characteristics of the mixtures are compared with the standard 3:7 
mixture, by mass, of potassium bromated to cellulose.  The reference mixtures and the sample mixtures 
were tested five times at each cellulose mixing ratio.  If the average burning time is less than the average 
standard mixture, the burning times should be compared with those from packing group I or II  or 
category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of potassium bromated to cellulose, 
respectively. Table 3 presents the results for the reference standards. See Table 4 for classification.  
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Tables 5 and 6 lists the comments the analyst noted for each of the two sample to cellulose ratio burns.  
 
Blend 1 was classified as Packing Group II.  Blends 2, 5 and 9 were classified as Packing Group II and 
the remaining Blends and Cement 1 & 2 were classified as Not Division 5.1 
 
 
Table 3.  Potassium Bromate and Cellulose Standards 

Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 
3:7 2:3 3:2 

KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio 
118.52 56.8 23.55 

 
 
 
Table 4.  Oxidizer Classifications 

The test criteria for determining oxidizing properties of the substance are: 
UN  

Classification 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by 
mass, of potassium bromate and cellulose. 

Packing group I 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet the 
criteria for packing group I 

Packing group II 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 3:7 
mixture (by mass) of potassium bromate and cellulose; and which does not meet the 
criteria for packing group I and II. 

Packing group III 

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) 
tested, does not ignite and burn, or exhibit mean burning times greater than that of a 3:7 
mixture (by mass) of potassium bromate and cellulose.  

Not Division 5.1 
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Table 5.  Comments for Sample to Cellulose ratio of 4:1 
Sample ID Comments  
Blend 1 Flame, smoke, sparking, charring sample completely burned except for Rep.1 
Blend 2 Flame, smoke, sparking, charring.  
Blend 3 Flame, smoke, sparking, charring.  
Blend 4 Flame, smoke, sparking, charring.  
Blend 5 Smoldering, very little smoke, very little sparking 

Blend 6 
Low flame or no flame, sparking, smoke, smoldering.                                                         
 Rep 1 Time = flaming stopped,  Rep 2-5 Time = power off. 

Blend 7 Little flame near wire. Smoke, steady low flame near wires. Time = power off  

Blend 8 
Low flame , smoldering, little smoke, flame cuts off after power if turned off.                   
 Time = flaming stopped 

Blend 9 Flame, smoke, sparking, charring.  
Blend 10 NO3 salts molten.  Some sparks. Mainly charring and smoke 
Blend 11 Little flame, smoke, smoldering, sparking Rep 1-3 Time = power off  
Blend 12 No flame, smoke, smoldering/charing. Time = power off 
Blend 13 Low flame, little smoke, smoldering 
Cement 1 No flame, no smoke little charring near wires, smoldering 

Cement 2 
No flame, no smoke little charring near ignition source, smoldering.                                  
 Time = power turned off. 

 
 
Table 6 Comments for Sample to Cellulose ratio of 1:1 
Sample ID Comments  
Blend 1 Flame, smoke, sparking, charring sample completely burned. 
Blend 2 Flame, smoke, sparking, charring.  
Blend 3 Flame, smoke, sparking, charring.  
Blend 4 Flame, smoke, sparking, charring.  
Blend 5 Flame, lots of smoke, sparking, smoldering/charring 
Blend 6 Same as 4:1 Rep 1,3 Time = power, Rep 2,4,5 Time =  flaming stopped. 

Blend 7 
Little flame near wire. Smoke, steady low flame near wires. Time = power off. Low 
flame continued after power was cut off. Time = when low flame cutoff.  

Blend 8 
Low flame , smoldering, little smoke, flame cuts off after power if turned off. Time = 
when flaming stopped 

Blend 9 Flame, smoke, sparking, charring.  

Blend 10 
Flame present throughout the test and continued to smolder well after ingition source was 
off 

Blend 11 
Low continous flame, little smoke, smoldering, sparking. Time = when low flame 
stopped. 

Blend 12 Low flame near ignition source , smoke, smoldering/charing. Time = Power Off 
Blend 13 Low flame, little smoke, smoldering 
Cement 1 No flame, no smoke little charring near wires, smoldering 

Cement 2 
Low flame near ignition source, no smoke little charring, smoldering. Time = when 
power turned off. Completely charred after power off. 

 
. 
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Image 1: 1:1 (Blend 6) WB8:Swheat mixture drying on the hotplate. Due to it still being more 
additional time was needed to totally dry. 
 

 
Image 2: Blend 7 and Blend 8 after drying.  
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Image 3:  1:3 Method 1030: Blend 3 hard white crust left after burning 
 

 
Image 4: Method 1030: Blend 6 ashing after heating for 2 minutes  
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Image 5: Method 1030: Blend 7 and blend 8 appearances after burning 
 

 
Image 6: Method 1030: Blend 14, 15, and 16 appearance after 2 minute burn. 
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Image 7: Setup of Method 1050 oven. (Lid was not being used yet on this analysis.) 
 

 
Image 8: Blends 2 (back left), Blend 3 (back right), and Blend 4 (front right and left) after 1050 
analysis.  
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Image 9: Method 1050: Event that occurred during initial run of (wet) Blends 6, 7, and 8. 
 

 
Image 10: Method 1050: (wet) Blend 6 (solo retest) event causing sample to expand and spillover 
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Image 11: Method 1050: (dried) Blend 6 after the sample combusted.  Ash remained and note the 
partial destruction of the inner cage.  
 

 
Image 12: Method 1050: (dried) Blend 7 post test  
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Image 13: Method 1050:  Blends 14, 15, and 16 post test.  
 

 
Image 14: Method 1050:  Blend 6 in the 25-mm cubes - pretest 
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Image 15: Method 1050:  Blend 6 in the 25-mm cubes - postest 
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Figure 1.  Method 1050 temperature graph for Blends 2, 3, 4 and 5 (100 mm cube).  Blends were 
tested simultaneously with no events.  
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Figure 2.  Method 1050 Graph of Oven temperature when (wet) Blends 6, 7 and 8 (100 mm cubes) 
were tested simultaneously.  Note the temperature increase due to an even shortly after 2 hours.  
 

 
Figure 3.  Method 1050 – Temperature of (wet) Blends 6 (100 mm cube)  when tested 
simultaneously with Blend 7 & 8.  Note the temperature increase due to an even shortly hour 2. 
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Figure 4.  Method 1050 – Temperature of (wet) Blends 7 (100 mm cube)  when tested 
simultaneously with Blend 6 & 8.  Note the temperature increase due to an even shortly hour 2. 
 

 
Figure 5.  Method 1050 – Temperature of (wet) Blend 8 (100 mm cube) when tested simultaneously 
with Blend 6 & 7.  Note the temperature increase due to an even shortly hour 2. 
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Figure 6.  Method 1050 – Temperature of (wet) Blend 6 (100 mm cube) – individual test 
 

 
Figure 7.  Method 1050 – Temperature of tray probes under the (wet) Blend 6 when tested 
individually.  Note the temperature decrease at approximately 2 hr that signifies when the sample 
expanded out of the cube. 
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Figure 8.  Method 1050 – Temperature of (wet) Blends 8 (100 mm cube) – individual test 
 
 

 
Figure 9.  Method 1050 – Temperature of (dried) Blend 6 (100 mm cube).  A significant event 
occurred when the sample reached 76o C 
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Figure 10.  Method 1050 – Temperature of (dried) Blend 7 (100 mm cube)   
 

 
Figure 11.  Method 1050 – Temperature of (dried) Blend 8 (100 mm cube) 
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Figure 12.  Method 1050 – Temperature of Blend 11 (100 mm cube) 
 
 

 
Figure 13.  Method 1050 – Temperature of Blend 12 (100 mm cube)  
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Figure 14.  Method 1050 – Temperature of Blend 13 (100 mm cube) 
 

 
Figure 15.  Method 1050 – Temperature of Blend 14 (100 mm cube) 
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Figure 16.  Method 1050 – Temperature of Blend 15 (100 mm cube)  - tested concurrently with 
Blend 16. 
 

 
Figure 17.  Method 1050 – Temperature of Blend 16 (100 mm cube) - tested concurrently with 
Blend 15. 
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 Figure 18. Method 1050 –Temperature of Blend 6 (25mm Cube) 
 
 
“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data submitted 
on diskette has been authorized by the laboratory manager or his/her designee, as verified by the 
following signature.  This report shall not be reproduced except in full without the written 
approval of SwRI.” 

 ___                                                          12/21/15   ___    
Group Leader      Date 
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WETCHEM ANALYSIS 

Initial sample preparation

This report encompasses the preparation and analysis of Cements 6 through 15 and then RNS 
surrogate Blends 17 though 25.  For the cements blend, the dried Swheat/WB8 mixtures was 
utilized.  The dried Swheat/WB8 mixtures were prepared by mixing the WB8 and Swheat together 
and drying on a hotplate at 60-65°C for a minimum of 16 hours. For the cements, two-thirds of the 
required amount of water was added to the dried Swheat/WB8 mixture before adjusting the pH to 
between     9 and 11 with 40% NaOH. Each of the cements required more NaOH then was required 
in the recipe, which was likely due varying degrees of dryness of the mixture.  After pH was 
adjusted, the remaining amount of water that was specified was added to each mixture prior to 
adding the cements. The cements were mixed for several minutes to thoroughly homogenize before 
pouring   32-oz wide mouth polypropylene jars (Fisher Scientific #02-891F) with a ¼’ diameter hole 
in the  lid. To ensure there was adequate amount of sample for the testing, extra volume was 
prepared for Cements 8 through 15, which required two of the polypropylene jars per sample. In 
addition to photos of the top surface of the mortar in each container, the exterior temperature of the 
cement, taken on the bottom of the container, and Humbolt J-4134 Penetrometer readings of the 
surface of the mortar were taken daily for ten consecutive days.  The photos are located in 
Attachment A, and the data is located in Attachment B. After the ten days, the cements were crushed 
into particles less than a 10- mesh. When crushing the cements, it was noted that only Cement 6 and 
7 required the jaw crusher. Cements 8 through 15 were able broken up with a hammer then crushed 
by pestle or by hand (Image 1 & 2). These cements still contained moisture that caused them to 
smear inside the jaw crusher rather than crushing.  A strong ammonia odor was also given off by 
Cements 8 through 15 as they were being broken up. LANL was notified about the “soft-setting” 
cement issue, and we were instructed to continue with the analyses.  

Blends 17 though 22 were made by first preparing large batches of dried 1:1, 1:3, and 1:4  
WB8/Swheat mixtures.  The mixtures were dried on a hotplate at 60-65°C with periodically mixing 
until the desired dryness was achieved, which was longer greater than 24 hours. These Swheat/WB8
mixtures were then added to the required amount of water and mixed for 5 minutes before being 
measured and added to zeolite. After adding the zeolite, the blends were allowed to sit for 24 hours 
prior to analysis.  The 2:1 WB8/Swheat mixture required for  Blends 23 though 25 was also dried on 
a hotplate at 60-65°C with periodic mixing until the desired dryness was achieved.  Since this 
WB8/Swheat was moister than the 1:1, the drying took more than 10 days to achieve the desired 
dryness.

Table 1. Surrogate preparation and analysis table 

Surrogate ID 
Times
made 

Methods

1030 1050 UN Ox 

Cement 6 1 * * 1 

Cement 7 1 * * 1 

Cement 8 1 1 1 1 
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Table 1. (continued) 

Surrogate ID 
Times
made 

Methods
1030 1050 UN Ox 

Cement 9 1 1 1 1 
Cement 10 1 1 1 1 
Cement 11 1 1 1 1 
Cement 12 1 1 1 1 
Cement 13 1 1 1 1 
Cement 14 1 1 1 1 
Cement 15 1 1 1 1 
Blend 17 1 1 1 1 
Blend 18 1 1 1 1 
Blend 19 1 1 1 1 
Blend 20 1 1 1 1 
Blend 21 1 1 1 1 
Blend 22 1 1 1 1 
Blend 23 1 1 1 1 
Blend 24 1 1 1 1 
Blend 25 1 1 1 1 

*Testing not required for these methods. 

SW-846 1030: Ignitability of Solids

The surrogate material was formed into an unbroken powder train, 250 mm in length. An ignition 
source is applied to one end of the test material to determine whether combustion will propagate 
along 200 mm of the strip within 2 minutes. If the material combustion propogated, the burning time 
was measured over a distance of 100 mm and the rate of burning would be determined. The samples 
were then placed onto a ceramic tile with marks at the 80 and 180 mm in from the end of the train. 
The ceramic tile was placed about 8 inches in a hood with the sash lowered to give an airflow of 
about 0.7 m/sec. One end of the train was exposed to the end of a acetylene torch with a temperature 
greater than 1000°C. The torch was held there for 2 minutes and if the sample began to burn down 
the train the time taken to get from the 80 to 180 mm mark was measure to determine the burn rate.  

Cements 8 though 15 did not burn past the point of the flame and are all considered to be non 
ignitable. The area being burned changed in color from darker wet looking cement to different 
shades of brown and grey (Image 3). Little activity occurred during the 2 minute burn period. Blends 
17 though 24 did not burn past the point of the flame but as the test was being performed the nitrates 
would make popping sounds and sparks would shoot off every now and then from the sample. After 
the burn period the burn area was whitened, grayed, and blackened (Image 4). Blend 25 mainly 
ashed and bubbled in the area of heating but it did not propagate past that point (Image 5). Since 
none of the blends even burned into the 100mm zone all of them are considered non-flammable 
under the test conditions and criteria outlined in Method 1030.
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Fine Excelsior (natural hardwood shavings) were used as a positive control each day testing was 
performed.  

SW-846 1050: Spontaneous combustion and self heating 

The surrogates for this analysis were first sprinkled several times onto a ceramic tile to observe if 
they smoked or flamed and could be considered pyrophoric solids by test Method A. Since none of 
the samples exhibited these characteristics, they were tested by Method C. In this test, a 100-mm 
sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 hours to 
determine whether it undergoes spontaneous ignition or a rise in sample temperature to over 200C 
within the 24 hours.  If the results of the preliminary test are positive, a second test using a 25-mm 
sample cube is conducted to further classify the waste as specified in Table 2. 

Table 2.  Method 1050 Waste Classification 
Results of Self-Heating Test DOT Packing Group 

Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II

The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the later test cubes and tungsten weights were placed on top to keep the 
thermocouples and lids from coming off the sample in case an event occurred. Also two 
thermocouples were placed in a tray below the sample in case any sample pushed out of the cube and 
onto the tray. The Once the thermocouples were in place, the oven was ramped to 140°C ± 2°C and 
held for 24-48 hours depending on when the sample reached temperature.  Although the method 
states testing to be conducted for 24 hours, many of the samples not reaching 140°C ± 2°C during the 
initial 24 hour period, therefore the testing was extended to a minimum of 12 hours after the sample 
had reached temperature.  Temperatures of the oven and sample were collected every 10 seconds and 
plotted to determine if the sample temperature exceeded 200°C during the time of testing. At the 
conclusion of the test, the oven was turned off and allowed to cool before removing the sample. The 
oven and sample temperature graphs are located in Attachment C.  

Cements 8 though 15 were analyzed two at a time since they were not expected to have any violent 
reactions during analysis. It took around 24 hours for the cements to get to temperature due to the 
amount of moisture that was still present throughout the samples. At the end the test, it was noted the 
when from a moist dark grey cement to dry light grey cement. It was also noticed that there was a 
slight reduction in sample volume during the cement analysis. Therefore, all cement analysis carried 
on for at least 40 hours (Figure 1 though 8 in Attachment C). Since none of the cements exceeded 
200°C during the analysis all cements were classified as “Not a Self-Heating Waste” as defined by 
Method 1050. 
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Blends 17 though 24 were also analyzed two samples at a time since prior blends with zeolite 
showed no reactions taking place during analysis. Since the zeolite blends had moisture present in 
them they were tested for at a minimum of  40 hours as well in order to ensure that no self heating 
occurred after the samples reach temperature (Figure 9 through 16 in Attachment C). Blend 17 and 
Blend 24 post-test solidified in the cube and had to be broken apart to remove from the cube (see 
Image 6). Since none of these blends exceeded 200°C during the course of the analysis they were 
classified as “Not a Self-Heating Waste” as defined by Method 1050.

Blend 25 had a similar formula to a prior sample that was self-heating and burned during analysis. 
Therefore, the 25mm cube test was performed first in duplicate. This initial analysis showed the 
samples expand out of the cube and darken in color (Images 7 and 8).  Since temperatures of the 25 
mm cubes did not exceed 200°C (Figure 17 in Attachment C), the 100mm cube was tested with four 
thermocouples.  At approximately an hour and a half into the test, when the sample temperature 
reached (60-70 oC), the recorded temperatures became erratic and thermocouples placed in the 
bottom tray of the oven recorded a slight temperature decrease, indicating the sample material had 
spilled out of the sample cube. As the temperature of the sample was reaching 140°C, an event 
occurred causing the thermocouples in the sample and in the oven to exceed 550°C (Figure 18 in 
Attachment C). Black smoke and a few flames shot out of the back vents of the oven. At this point, 
the oven was turned off and the analysis was ended. When the sample was removed from the oven, 
the material did not appear charred but did have an ash-like consistency, (Images 9 and 10). Since 
this Blend 25 was positive for the 100mm cube test, but negative of the 25mm cube it is given a 
“DOT Packing Group III” classification.

DOT UN Oxidation testing

The cement and blends were tested in accordance with the United Nations (UN) “Recommendations 
on the Transport of Dangerous Goods”, Section 34, �&�O�D�V�V�L�I�L�F�D�W�L�R�Q���3�U�R�F�H�G�X�U�H�V�����7�H�V�W���0�H�W�K�R�G�V���D�Q�G��
�&�U�L�W�H�U�L�D���5�H�O�D�W�L�Q�J���W�R���2�[�L�G�L�]�L�Q�J���6�X�E�V�W�D�Q�F�H�V���R�I���'�L�Y�L�V�L�R�Q����������The UN procedure assesses the relative 
hazard of oxidizing substances so that an appropriate classification for transport can be made.  Tests 
are conducted on the samples mixed with dry fibrous cellulose in mixing ratios of 1:1 and 4:1, by 
mass, of sample to cellulose.  The burning characteristics of the mixtures are compared with the 
standard 3:7 mixture, by mass, of potassium bromated to cellulose.  If the burning time is less than 
the standard mixture, the burning times should be compared with those from packing group I or II  
or category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of potassium bromated to 
cellulose, respectively. See Table 3 for classification. Table 4 presents the results for the reference 
standards. Tables 5 and 6 lists the comments the analyst noted for each of the two sample to 
cellulose ratio burns. 

All cements and blends, with the exception of Blend 25, were classified as “Not Division 5.1”.  
Blend 25 was classified as “Packing group II”. 
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Table 3.  Oxidizer Classifications

The test criteria for determining oxidizing properties of the substance are: 
UN
Classification

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by 
mass, of potassium bromate and cellulose. 

Packing group I 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I 

Packing group II 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) 
tested, exhibits a mean burning time equal to or less than the mean burning time 
of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does 
not meet the criteria for packing group I and II. 

Packing group III 

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) 
tested, does not ignite and burn, or exhibit mean burning times greater than that of 
a 3:7 mixture (by mass) of potassium bromate and cellulose.  

Not Division 5.1 

Table 4.  Potassium Bromate and Cellulose Reference Mixtures 
Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 

3:7 2:3 3:2 
KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio 

113.57 54.09 19.44 

Table 5.  Comments for Sample to Cellulose ratio of 4:1
Sample ID Comment  4:1 
Cement 6 no flame, light smoke, charring near ignition source.  
Cement 7 no flame, light smoke, charring near ignition source.  
Cement 8 no flame, light smoke, charring near ignition source.  
Cement 9 no flame, light smoke, charring near ignition source.  
Cement 10 no flame, light smoke, charring near ignition source.  
Cement 11 no flame, light smoke, charring near ignition source.  
Cement 12 no flame, light smoke, charring near ignition source.  
Cement 13 no flame, light smoke, charring near ignition source.  
Cement 14 no flame, light smoke, charring near ignition source.  
Cement 15 no flame, light smoke, charring near ignition source.  
Blend 17 no flame, light smoke, charring near ignition source.  
Blend 18 no flame, light smoke, charring near ignition source.  
Blend 19 no flame, light smoke, charring near ignition source.  
Blend 20 charring near ignition wire, spontaneous flames and sparking, light smoke  
Blend 21 no flame, light smoke, charring near ignition source.  
Blend 22 no flame, light smoke, charring near ignition source.  

Blend 23 
charring, spontaneous flames and sparking near ignition wire, light smoke. Power 
turned off reaction stopped 

Blend 24 
charring, spontaneous flames and sparking near ignition wire, light smoke. Power 
turned off reaction stopped 

Blend 25 
Lots of sparking and some flames. Violent reaction. Ignition wire broke on all around 
same spot  
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Table 6 Comments for Sample to Cellulose ratio of 1:1
Sample ID COMMENT 1:1 
Cement 6 no flame, light smoke, charring near ignition source.  
Cement 7 no flame, light smoke, charring near ignition source.  

Cement 8 
low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Cement 9 
low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Cement 10 
low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Cement 11 
low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Cement 12 
low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Cement 13 
low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Cement 14 low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Cement 15 
low flame and charring near ignition source, some smoke, smoldering. 
Flame didn't propagate and extinguished when power turned off at 180sec 

Blend 17 
no flame, charring near ignition source, more smoke produced than 4:1 
ratio but still light smoke  

Blend 18 
Reps 1,4 &5 had a low flame propagate. Reps 2 &3 low flame and 
charring around ignition source. All flames extinguished soon after power 
was turned off 

Blend 19 
Reps 1 &4 charring only near ignition source. Reps 2&5 low flames and 
charring at ignition source. Rep 3 flame propagated. Reactions stoppped 
soon after power was turning off.

Blend 20 
low flame and charring near ignition source, smoke, smoldering. Rep 2 
had flames produce away from the ignition source at ~170secs.  

Blend 21 
low flame and charring near ignition source. Reps 1, 3, and 5 continued to 
burn beyond >240sec and reps. 2 and 4 burned >180sec but <240sec 

Blend 22 
low flame and charring near ignition source. Reps 2 and 4 continued to 
burn beyond >240sec and reps. 1,2 and 5 burned >180sec but <240sec 

Blend 23 
low flame and charring near ignition source, some smoke, smoldering. 
Power turned off at 180sec., reps 1,3,4 and 5 burned >240sec., rep 2 >180 
but <240sec

Blend 24 
flames and charring near ignition source, some smoke. Reps. 2-4 
extiguished soon after power turned off. Reps 1 and 5 flames proagated 
after power off

Blend 25 
Flames and sparking. Sample fully burned, reaction stopping point more 
apparent vs. 4:1 ratio. Wire did not break 
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Image 1: (Cement #15) Example of Cement 8 though 15 being split with a hammer. 

Image 2: (Cement #15) Example of Cement 8 though 15 being crush up by hand after splitting with a 
hammer.   
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Image 3: (Cement #10) Flame region of the sample after 2 minute 1030 burn period. 

Image 4: (Blend 18) Flame region after testing wash blackened, grayed, and whitened.  
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Image 5: Blend 25 ashed burn point after 2 minute 1030 burn. 

Image 6: Blend 17 after 1050 analysis. 
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Image 7: Blend 25 in 25mm cubes prior to 1050 analysis. 

Image 8: Blend 25 in 25mm cubes after 1050 analysis. 
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Image 9: Blend 25 after event in the hood.  
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Image 10: Sample 25 capture tin and oven after analysis in 100mm cube.  
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“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI.” 

 _____                 01/25/16   ___   
Group Leader      Date 

������������

�3�D�J�H���������R�I��������



��

��

��

��

��

��

��

��

��

��

��

��

Attachment A 

Daily Photos of Cement Curing����
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Image 1: Cement 6    Day 1 

Image 2: Cement 6   Day 2 
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Image 3: Cement 6   Day 3 

Image 4:  Cement 6   Day 4 
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Image 5: Cement 6   Day 5 

Image 6: Cement 6  Day 6 
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Image 7: Cement 6   Day 7 

Image 8: Cement 6   Day 8 
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Image 9: Cement 6   Day 9 

Image 10: Cement 6   Day 10 
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Image 11:  Cement 7   Day 1 

Image 12:  Cement 7  Day 2 
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Image 13:   Cement 7   Day 3 

Image 14:  Cement 7  Day 4 
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Image 15:   Cement 7   Day 5 

Image 16:  Cement 7  Day 6 
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Image 17:  Cement 7  Day 7 

Image 18:  Cement 7  Day 8 
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Image 19:  Cement 7  Day 9 

Image 20: Cement 7  Day 10 

������������

�3�D�J�H���������R�I��������



11��
��

Image 21:  Cement 8  Day 1 

Image 22: Cement 8   Day 2 
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Image 23:  Cement 8  Day 3 

Image 24: Cement 8  Day 4 
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Image 25:  Cement 8  Day 5 

Image 26:  Cement 8  Day 6 
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Image 27:  Cement 8  Day 7 

Image 28:  Cement 8  Day 8 
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Image 29:  Cement 8  Day 9 

Image 30:  Cement 8  Day 10 
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Image 31:  Cement 9  Day 1 

Image 32:  Cement 9   Day 2 
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Image 33:  Cement 9   Day 3 

Image 34:  Cement 9   Day 4 
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Image 35:  Cement 9  Day 5 

Image 36: Cement 9   Day 6 
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Image 37:   Cement 9   Day 7 

Image 38:  Cement 9   Day 8 
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Image 39: Cement 9   Day 9 

Image 40:  Cement 9   Day 10 
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Image 41:  Cement 10    Day 1 

Image 42:  Cement 10   Day 2 
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Image 43:   Cement 10   Day 3 

Image 44:  Cement 10    Day 4 
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Image 45:  Cement 10   Day 5 

Image 46:  Cement 10   Day 6 
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Image 47:  Cement 10   Day 7 

Image 48:  Cement 10   Day 8 
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Image 49: Cement 10   Day 9 

Image 50:  Cement 10   Day 10 
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Image 51:  Cement 11   Day 1 

Image 52:  Cement 11   Day 2 
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Image 53:   Cement 11   Day 3 

Image 54:  Cement 11   Day 4 
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Image 55:  Cement 11   Day 5 

Image 56:  Cement 11   Day 6 
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Image 57:  Cement 11   Day 7 

Image 58:  Cement 11   Day 8 
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Image 59:  Cement 11  Day 9 

Image 60:  Cement 11   Day 10 
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Image 61:  Cement 12   Day 1 

Image 62:  Cement 12   Day 2 
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Image 63:  Cement 12  Day 3 

Image 64:  Cement 12   Day 4 
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Image 65:  Cement 12   Day 5 

Image 66:  Cement 12  Day 6 
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Image 67:  Cement 12   Day 7 

Image 68:  Cement 12   Day 8 
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Image 69:  Cement 12   Day 9 

Image 70:  Cement 12   Day 10 
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Image 71:  Cement 13   Day 1 

Image 72:  Cement 13   Day 2 
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Image 73:  Cement 13  Day 3 

Image 74:  Cement 13  Day 4 
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Image 75:  Cement 13   Day 5 

Image 76:  Cement 13   Day 6 
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Image 77:  Cement 13   Day 7 

Image 78:  Cement 13   Day 8 
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Image 79: Cement 13  Day 9 

Image 80:  Cement 13   Day 10 
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Image 81:  Cement 14   Day 1 

Image 82: Cement 14   Day 2 
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Image 83:  Cement 14   Day 3 

Image 84:  Cement 14   Day 4 
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Image 85:  Cement 14   Day 5 

Image 86:  Cement 14   Day 6 
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Image 87:  Cement 14  Day 7 

Image 88:  Cement 14    Day 8 
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Image 89:  Cement 14   Day 9 

Image 90:  Cement 14   Day 10 
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Image 91:  Cement 15   Day 1 

Image 92:  Cement 15   Day 2 
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Image 93:  Cement 15   Day 3 

Image 94:  Cement 15   Day 4 
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Image 95:  Cement 15   Day 5 

Image 96:  Cement 15   Day 6 
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Image 97:  Cement 15   Day 7 

Image 98:  Cement 15  Day 8 
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Image 99:  Cement 15   Day 9 

Image 100:  Cement 15   Day 10 
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Daily��Exterior��Surface��Temperature��(bottom��of��container)��and��Penetrometer��Readings��for��Cements

Room��Temp
��oC ��oC psi�� ��oC psi�� ��oC psi�� ��oC psi��

1 21.1 22.3 515 22.2 >��700 21.3 30 21.2 20

2 20.2 21.2 >��700 21.3 >��700 21.0 50 20.8 60

3 20.7 21.3 >��700 21.4 >��700 21.1 125 20.9 125

4 21.4 21.6 >��700 21.6 >��700 21.6 345 21.5 390

5 21.2 21.6 >��700 21.6 >��700 21.4 535 21.3 550

6 21.1 21.5 >��700 21.5 >��700 21.4 610 21.3 610

7 21.2 21.2 >��700 21.2 >��700 21.2 650 21.1 665

8 21.1 21.2 >��700 21.2 >��700 21.1 650 21.0 670

9 20.5 21.0 >��700 21.0 >��700 20.9 660 21.0 660
10 20.8 21.0 >��700 21.0 >��700 20.9 670 20.9 655

Room��Temp
��oC ��oC psi�� ��oC psi�� ��oC psi�� ��oC psi��

1 21.1 21.2 105 21.1 100 21.3 405 21.1 380

2 20.2 21 215 20.8 210 20.9 575 20.7 530

3 20.7 21 420 20.8 410 20.8 665 20.8 690

4 21.4 21.4 550 21.3 560 21.4 695 21.2 690

5 21.2 21.3 654 21.3 625 21.3 700 21.2 >��700

6 21.1 21.4 670 21.3 630 21.3 >��700 21.2 >��700

7 21.2 21.1 670 21.1 650 21.1 >��700 21.1 >��700

8 21.1 21.1 690 21.1 670 21.1 >��700 21.0 >��700

9 20.5 21.0 695 21.0 690 20.9 >��700 20.9 >��700
10 20.8 20.9 695 20.9 695 20.8 >��700 20.8 >��700

Room��Temp
��oC ��oC psi�� ��oC psi�� ��oC psi�� ��oC psi��

1 21.1 21.4 655 21.2 595 21.2 >��700 21.1 >��700

2 20.2 20.9 700 20.7 700 20.9 >��700 20.7 >��700

3 20.7 20.9 >��700 20.8 >��700 20.9 >��700 20.8 >��700

4 21.4 21.3 >��700 21.2 >��700 21.4 >��700 21.3 >��700

5 21.2 21.3 >��700 21.2 >��700 21.3 >��700 21.2 >��700

6 21.1 21.3 >��700 21.2 >��700 21.3 >��700 21.2 >��700

7 21.2 21.1 >��700 21.0 >��700 21.1 >��700 21.1 >��700

8 21.1 21.0 >��700 21.1 >��700 21.1 >��700 21.1 >��700

9 20.5 20.8 >��700 20.9 >��700 20.8 >��700 20.8 >��700
10 20.8 20.8 >��700 20.9 >��700 20.9 >��700 20.9 >��700

Cement��#10���r1

Day��#

Day��#

Day��#
Cement��#12�r1Cement��#11���r1

Cement��#8���r��2

Cement��#9���r2 Cement��#10���r2

Cement��#11���r2

Cement��#6 Cement��#7 Cement��#8���r��1

Cement��#9���r1

Cement��#12�r2

Page��1
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Daily��Exterior��Surface��Temperature��(bottom��of��container)��and��Penetrometer��Readings��for��Cements

Room��Temp
��oC ��oC psi�� ��oC psi�� ��oC psi�� ��oC psi��

1 21.1 21.2 20 21.4 20 21.2 450 21.1 425

2 20.2 20.8 50 20.8 45 20.9 560 20.8 560

3 20.7 21.0 115 20.8 125 20.9 655 20.8 640

4 21.4 21.6 290 21.5 330 21.4 695 21.3 695

5 21.2 21.4 440 21.3 500 21.3 >��700 21.3 700

6 21.1 21.3 595 21.2 575 21.3 >��700 21.3 700

7 21.2 21.1 605 21.1 615 21.1 >��700 21.1 690

8 21.1 21.1 660 21.1 635 21.1 >��700 21.0 695

9 20.5 20.8 660 20.8 645 20.8 >��700 20.7 >��700
10 20.8 20.9 660 20.9 665 20.9 >��700 20.9 >��700

Room��Temp
��oC ��oC psi�� ��oC psi��

1 21.1 21.4 520 21.3 530

2 20.2 21.0 700 20.9 >��700

3 20.7 20.9 >��700 20.9 >��700

4 21.4 21.4 >��700 21.3 >��700

5 21.2 21.3 >��700 21.2 >��700

6 21.1 21.3 >��700 21.3 >��700

7 21.2 21.1 >��700 21.1 >��700

8 21.1 21.1 >��700 21.1 >��700

9 20.5 20.9 >��700 20.9 >��700
10 20.8 20.9 >��700 20.9 >��700

Cement��#15�r2

Day��#

Day��#
Cement��#15�r1

Cement��#13�r1 Cement��#14�r1Cement��#13�r2 Cement��#14�r2

Page��2
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Method 1050 Graphs 
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1

Figure 1. Method 1050 – Temperature of Cement 8 (100 mm cube)  after ten days of setting and 
observations.

Figure 2. Method 1050 – Temperature of Cement 9 (100 mm cube)  after ten days of setting and 
observations.
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Figure 3. Method 1050 – Temperature of Cement 10 (100 mm cube)  after ten days of setting and 
observations.

Figure 4. Method 1050 – Temperature of Cement 11 (100 mm cube)  after ten days of setting and 
observations.
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Figure 5. Method 1050 – Temperature of Cement 12 (100 mm cube)  after ten days of setting and 
observations.

Figure 6. Method 1050 – Temperature of Cement 13 (100 mm cube)  after ten days of setting and 
observations.
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Figure 7. Method 1050 – Temperature of Cement 14 (100 mm cube)  after ten days of setting and 
observations.

Figure 8. Method 1050 – Temperature of Cement 15 (100 mm cube)  after ten days of setting and 
observations. One thermocouple came out of the sample during the analysis so only data from 
the one was used. 
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Figure 9. Method 1050 – Temperature of Blend 17 (100 mm cube)

Figure 10. Method 1050 – Temperature of Blend 18 (100 mm cube)
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Figure 11. Method 1050 – Temperature of Blend 19 (100 mm cube)

Figure 12. Method 1050 – Temperature of Blend 20 (100 mm cube)
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Figure 13. Method 1050 – Temperature of Blend 21 (100 mm cube)

Figure 14. Method 1050 – Temperature of Blend 22 (100 mm cube)
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Figure 15. Method 1050 – Temperature of Blend 23 (100 mm cube)

Figure 16. Method 1050 – Temperature of Blend 24 (100 mm cube)
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Figure 17. Method 1050 – Temperature of Blend 25 (25 mm cube). Since no event occurred 
sample was then analyzed in the 100 mm cube. 

Figure 18. Method 1050 – Temperature of Blend 25 (100 mm cube). An event occurred at 
around 3 hours as the sample was just reaching 140°C. All sample and oven thermocouples 
exceeded 200°C.
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WETCHEM ANALYSIS 

Initial sample preparation

This report encompasses the preparation and analysis of UNS Blends 1 through 14, 16, and 18. UNS 
blends 15, 17, and 19 were initially proposed but as testing began it was determined that these three 
blends would not be needed. Table 1 contains the sample ID’s, UNS solution used, and the methods 
requested on each of the blends. A UNS surrogate solution was initially prepared following the 
scope of work provided by Los Alamos. The salts were combined and dissolved until about only 2% 
of salt remained undissolved. One of the portions was neutralized with Splifyter® Kolorsafe® liquid 
acid neutralizer to a pH of 5.  It took approximately 2 parts Splifyter to 1 part UNS solution. The two 
solutions were labeled:  “unadjusted”  and  “pH adjusted”, and they were used to make up all of the 
UNS surrogate blends. 

To make blends UNS Blends 2 though 1, large batches of 1:1 and 1:3 UNS (unadjusted)/Swheat and 
1:1 and 1:3 UNS (pH adjusted)/Swheat were prepared. These four mixtures were allowed to set for 
one day at room temperature. Portion of each of the four mixtures was removed at this point and set 
aside for analysis as Blends 2 though 5. The other portion of the four mixtures were combined with 
water and mixed for two minutes at a volume ratio of 1 part water to 2 parts waste. These slurries 
were then split and mixed with zeolite at either a 3:1 and 2:1 zeolite to waste ratio. UNS Blends 6 
though 9 were the 3:1 zeolite to waste and UNS Blends 10 through 13 were the 2:1 zeolite to waste 
mixtures. Once added to the zeolite, the blends were allowed to set for 24 hours at room temperature 
before proceeding with analysis.

UNS blends 14, 16, and 18 were first mixed at a volume ratio of 50mL UNS solution to 3.12mL of 
wastelock. This mixture was allowed to set for 24 hours before proceeding to the next step. During 
preliminary formulations of these blends it was found that the wastelock did not absorb the waste at 
all. It was found that the wastelock was better suited on neutralized solutions with low amounts of 
cations. Since the UNS blend was very acidic and high in cations the wastelock did little more than 
float about in the waste (Image 1).   

Table 1. Surrogate creation and analysis table 

Surrogate ID 
Times
made 

UNS Sol 
Methods

1030 1050 
UN Ox 
solid

Paint filter 
UN OX 
liquid

UNS Blend 1 1 unadjusted * * * * 1++
UNS Blend 2 1 unadjusted 1 1 1 1 * 
UNS Blend 3 1 unadjusted 1 1 1 1 * 
UNS Blend 4 1 pH adjusted 1 1 1 1 * 
UNS Blend 5 1 pH adjusted 1 1 1 1 * 
UNS Blend 6 1 unadjusted 1 1 1 1 * 
UNS Blend 7 1 unadjusted 1 1 1 1 * 
UNS Blend 8 1 pH adjusted 1 1 1 1 * 
UNS Blend 9 1 pH adjusted 1 1 1 1 * 
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Table 1. (continued) 

Surrogate ID 
Times
made 

UNS Sol 
Methods

1030 1050 
UN Ox 
solid

Paint Filter 
UN OX 
liquid

UNS Blend 10 1 unadjusted 1 1 1 1 * 
UNS Blend 11 1 unadjusted 1 1 1 1 * 
UNS Blend 12 1 pH adjusted 1 1 1 1 * 
UNS Blend 13 1 pH adjusted 1 1 1 1 * 
UNS Blend 14 1 unadjusted * * * * 1++
UNS Blend 16 1 unadjusted 1 1 1 1 * 
UNS Blend 18 1 unadjusted 1 1 1 1 * 

*Testing not required for these methods. 
++ UN Ox liquid results will follow in a separate report.  They are not complete at this time. 

SW-846 9095B: Paint Filter

For this method 100g of each blend was placed into a Gerson 260um paint filter (PN010714R, Lot# 
B5140428JF8) that was suspended over a 100 mL graduated cylinder for 5 minutes to collect any 
free liquids. During this 5-min period if any of the sample material drips into the cylinder, the 
material is deemed to contain free liquids for purposes of 40 CFR 264.314 and 265.314. Under the 
laboratory conditions above all of the UNS blends tested for paint filter were not deemed to contain 
free liquids.

SW-846 1030: Ignitability of Solids

The surrogate material was formed into an unbroken powder train, 250 mm in length. An ignition 
source is applied to one end of the test material to determine whether combustion will propagate 
along 200 mm of the strip within 2 minutes. If the material combustion propogated, the burning time 
was measured over a distance of 100 mm and the rate of burning would be determined. The samples 
were then placed onto a ceramic tile with marks at the 80 and 180 mm in from the end of the train. 
The ceramic tile was placed about 8 inches in a hood with the sash lowered to give an airflow of 
about 0.7 m/sec. One end of the train was exposed to the end of a acetylene torch with a temperature 
greater than 1000°C. The torch was held there for 2 minutes and if the sample began to burn down 
the train the time taken to get from the 80 to 180 mm mark was measure to determine the burn rate.  

UNS Blends 6 though 13, 16, and 18 had charring of the zeolite around the point of flame 
application but no flames or propagation occurred past the burn point (Image 2). Occasionally,  a 
popping sound would be heard and a spark would fly off the sample most likely from the nitrates 
present.UNS Blend 2 charred and hardened at the point of flame application but remained moist and 
mushy in the middle (Image 3). UNS Blend 3 burned slightly and maintained a flame several 
seconds after removal of the acetylene torch (Image 4). Little propagation occurred but did not reach 
the 100mm zone. UNS Blend 4 had very little burn even at the point of application most likely due 
to the high amount of moisture present in the sample (Image 5). UNS Blend 5 maintained a flame 
several second after removal of the acetylene torch and a majority of the material at the application 
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point was consumed (Image 6). Since none of the blends even burned into the 100mm zone all of 
them are considered non-flammable under the test conditions and criteria outlined in Method 1030.   

Fine Excelsior (natural hardwood shavings) were used as a positive control each day testing was 
performed.  

SW-846 1050: Spontaneous combustion and self heating 

The surrogates for this analysis were first sprinkled several times onto a ceramic tile to observe if 
they smoked or flamed and could be considered pyrophoric solids by test Method A. This was a little 
difficult to do with UNS Blends #2 and #4 due to the moisture content of the sample it was more 
plopping of segments of the sample then a nice sprinkle. Since none of the samples exhibited these 
characteristics, they were tested by Method C. In this test, a 100-mm sample cube is exposed to a 
test temperature of 140°C ± 2°C for a minimum of 24 hours to determine whether it undergoes 
spontaneous ignition or a rise in sample temperature to over 200C within the 24 hours.  If the results 
of the preliminary test are positive, a second test using a 25-mm sample cube is conducted to further 
classify the waste as specified in Table 2. 

Table 2.  Method 1050 Waste Classification 
Results of Self-Heating Test DOT Packing Group 

Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II

The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those sample 
believed to have event in order to keep the thermocouples and lids from coming off the sample. Also
up to two thermocouples were placed in a tray below the sample in case any sample pushed out of 
the cube and onto the tray. Once the thermocouples were in place, the oven was ramped to 140°C ± 
2°C and held for 24-48 hours depending on when the sample reached temperature.  Although the 
method states testing to be conducted for 24 hours, many of the samples did not reach 140°C ± 2°C
during the initial 24 hour period, therefore the testing was extended to a minimum of 12 hours after 
the sample had reached temperature.  Temperatures of the oven and sample were collected every 10 
seconds and plotted to determine if the sample temperature exceeded 200°C during the time of 
testing. At the conclusion of the test, the oven was turned off and allowed to cool before removing 
the sample. The oven and sample temperature graphs are located in Attachment A.  

UNS blends 6 though 13, 16, and 18 were analyzed two at a time, using the 100mm cube, since past 
samples having similar combinations of waste and zeolite were innocuous.  These blends were 
allowed to run for at least 38 hours before ending the analysis due to the moisture present in each of 
them. Although the method states testing to be conducted for 24 hours, many of the samples not 
reaching 140°C ± 2°C during the initial 24 hour period, therefore the testing was extended to a 
minimum of 12 hours after the sample had reached temperature. After the analysis the cubes were 
removed and had just a slight reduction in volume and the zeolite was now a lighter color and the 
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swheat was a darker brown. UNS Blend 3 was tested individually in the 100 mm cube. After 
analysis the sample was removed to reveal that it had hardened into a dark brown cube that slide 
right out of the inner cage (Image 7). Since none of these blends exceeded 200°C during the analysis 
all of them are classified as “Not a Self-Heating Waste” as defined by Method 1050. 

UNS Blend 2 was initially run using a 100mm cube. It was noted that the sample began to heat  up 
very quickly and appeared to be self heating since this heating rate was not seen in any of the 
previous samples, but then the temperature slowed and stabilized at approximately 90 oC (Figure 1  
Att A).  The sample run was stopped at 24 hours. and the sample did not exceed 200°C anytime 
during the analysis period (Figure 2 in Att A). However, when the oven was opened, the sample had 
expanded to about ten times its initial volume (Image 8 and 9). The sample had the appearance and 
texture of brittle foam insulation.   When exposed to a flame, the material charred but did not 
combust. Upon removing the sample from the oven, it was noted that in the interior of the cube was 
charred showing that events had possibly occurred (Image 10) and in charring was noted in some of 
the sample that expanded outside of the cube (Image 11). It was also noted that the sample did not 
bubble upwards out of the sample cage but instead permeated though the bottom and sides of the 
inner and outer cage. With these observations and after discussing the situation with LANL, and 
decided to call this a “positive” event and proceed with the 25mm cube. During the 25mm cube 
analysis, the sample once again expanded out of the cubes even with lids placed on top of them 
(Image 12). However, when breaking up the sample for disposal no darkened or blackened areas 
were noticed in this analysis. The temperature in the 25 mm cube test remained below 200°C
throughout the analysis. With the 25-mm cube as a “negative”, UNS Blend 2 was classified as a 
DOT Packing group of III under the performed laboratory conditions. 

UNS Blend 4 was initially run using a 100mm cube. The sample steadily increased to 140°C over 
the course of 20 hours. The temperature continued to steadily increase until approximately 23 hours 
into the analysis when the sample temperature spiked to around 450°C at which time the oven was 
turned off.  From 23 hours into the analysis until 30 hours the sample continued to self until up to a 
maximum temperature of approximately 750°C when it rapidly began to cool (Figure 6 of Att A).
This was most likely due to lack of sample remaining to fuel the event. When the oven was opened, 
a black tarlike substance coated the entire inside of the oven (Image 13 through 15). The sample 
cube was removed and the remaining sample residue that remained was black and grey ash (Image 
16). The sample was then analyzed using the 25mm cube, and did not exceed 200°C during the test 
(Figure 7 of Att A). When the sample was removed from the oven it had become small hardened 
black cubes that encased the thermocouples (Image 17).  UNS Blend 4 would be classified as a DOT 
Packing group III under the performed laboratory conditions.  

UNS Blend 5 acted very similarly to UNS Blend 4. In the 100mm cube analysis the sample steadily 
heated to temperature before spiking quickly up to about 400°C. The sample continued to rise in 
temperature for about 5 hours before peaking at around 690°C then slowly cooled down to the oven 
temperature of 140°C (the event occurred overnight; therefore the oven was not turned off 
immediately) (Figure 8 of Att A). When the oven was opened, it was once again coated in a black 
tarlike substance and all that remained in of the sample was a small pile of ash in the cube (Image 
18). The sample was analyzed in the 25mm cube, and did not exceed 200°C (Figure 9 of Att A). 
Upon removing the sample it was just a dried darkened brown pile filling the cube. UNS Blend 5 
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was classified as a DOT Packing group III under the performed laboratory conditions. 

DOT UN Oxidation testing

The UNS blends were tested in accordance with the United Nations (UN) “Recommendations on the 
Transport of Dangerous Goods”, Section 34, �&�O�D�V�V�L�I�L�F�D�W�L�R�Q���3�U�R�F�H�G�X�U�H�V�����7�H�V�W���0�H�W�K�R�G�V���D�Q�G���&�U�L�W�H�U�L�D��
�5�H�O�D�W�L�Q�J���W�R���2�[�L�G�L�]�L�Q�J���6�X�E�V�W�D�Q�F�H�V���R�I���'�L�Y�L�V�L�R�Q����������The UN procedure assesses the relative hazard of 
oxidizing substances so that an appropriate classification for transport can be made.  Tests are 
conducted on the samples mixed with dry fibrous cellulose in mixing ratios of 1:1 and 4:1, by mass, 
of sample to cellulose.  The burning characteristics of the mixtures are compared with the standard 
3:7 mixture, by mass, of potassium bromated to cellulose.  If the burning time is less than the 
standard mixture, the burning times should be compared with those from packing group I or II  or 
category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of potassium bromated to 
cellulose, respectively. See Table 3 for classification. Table 4 presents the results for the reference 
standards. Tables 5 and 6 lists the comments the analyst noted for each of the two sample to 
cellulose ratio burns. 

All UNS Blends were classified as “Not Division 5.1”.

Table 3.  Oxidizer Classifications

The test criteria for determining oxidizing properties of the substance are: 
UN
Classification

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by 
mass, of potassium bromate and cellulose. 

Packing group I 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I 

Packing group II 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) 
tested, exhibits a mean burning time equal to or less than the mean burning time 
of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does 
not meet the criteria for packing group I and II. 

Packing group III 

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) 
tested, does not ignite and burn, or exhibit mean burning times greater than that of 
a 3:7 mixture (by mass) of potassium bromate and cellulose.  

Not Division 5.1 

Table 4.  Potassium Bromate and Cellulose Reference Mixtures 
Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 

3:7 2:3 3:2 
KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio 

113.57 54.09 19.44 

Table 5.  Comments for Sample to Cellulose ratio of 4:1
Sample ID Comment  4:1 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

UNS Blend 2 no flame, light smoke, charring near ignition source.  

UNS Blend 3 
low flames at wire, sporadic flame flash over samp. Flames extinguished soon 
after power was turned off

UNS Blend 4 
Reps 1 & 3 had small flame, Reps 2,4 &5 had no flame, light smoke, charring 
near ignition source.

UNS Blend 5 
flame, smoke and charring near ignition source. Sporadic flame flash across the 
sample.  

UNS Blend 6 no flame, light smoke, charring near ignition source.  
UNS Blend 7 no flame, light smoke, charring, and smoldering near ignition source.  
UNS Blend 8 no flame, light smoke, smoldering, and charring near ignition source.  

UNS Blend 9 
only rep 2 had a sporadic flame near ignition source, reps 1,3-5 did not. Light 
smoke and charring.  

UNS Blend 10 no flame, light smoke, charring near ignition source.  
UNS Blend 11 no flame, light smoke, charring near ignition source.  
UNS Blend 12 no flame, light smoke, charring and smoldering near ignition source.  
UNS Blend 13 no flame, light smoke, charring and smoldering near ignition source.  
UNS Blend 16 no flame, light smoke, charring and smoldering near ignition source.  
UNS Blend 18 no flame, light smoke, charring and smoldering near ignition source.  

Table 6 Comments for Sample to Cellulose ratio of 1:1
Sample ID Comment  1:1 

UNS Blend 2 
sporadic flame flash across the top of the sample, smoke and charring around the 
wire.

UNS Blend 3 
Flames started near ignition source and propagated. Sporadic flame flash over 
top of the smpl. Power was turned off at 180sec and smpl. continued to burn  

UNS Blend 4 
flame, smoke, and charring near ignition source. Flames extinguished soon after 
power was turned off at 180sec 

UNS Blend 5 
flame, smoke, and charring near ignition source. Flames extinguished soon after 
power was turned off at 180sec 

UNS Blend 6 
Flames present on reps 3-5, no flame on rep 1&2. Charring  and smoke near 
ignition source, and smoldering.  

UNS Blend 7 no flame, light smoke, charring, and smoldering near ignition source.  

UNS Blend 8 
Only rep 2 had a flame observed. Reps 1, 3-5 did not have flames. Charring near 
ignition source, some smoke, smoldering.  

UNS Blend 9 
low flame and charring near ignition source and some smoke. Flame didn't 
propagate and extinguished soon after power was turned off at 180sec 

UNS Blend 10 
low flame and charring near ignition source and some smoke. Flames 
extinguished soon after  power was turned off at 180sec 

UNS Blend 11 
flames and charring near ignition source, and smoke. Reps 1 & 5 continued to 
burn beyond 240 secs. (power turned off at 180sec) 

UNS Blend 12 small plume, smoke charring and smoldering near ignition scource.  
UNS Blend 13 no flame, more smoke then 4:1, charring and smoldering near ignition source.  
UNS Blend 16 Low plume flame, smoke, charring and smoldering 
UNS Blend 18 Low plume flame near wires, smoke, charring and smoldering 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 1: UNS solutions with wastelock. Left was 50ml of water that was absorbed by the wastelock. 
The pH 5 and 7 UNS solutions had different volumes absorbed by the wastelock but free flowing 
liquid was still present in them. The <2 pH UNS solution had little to no absorption and the 
wastelock floated on the top surface.
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 2: (UNS Blend #13) Example of UNS Blends 6 though 13, 14, and 18. 14 and 18 appeared a 
little more moist then this due to the lack of swheat. 

Image 3: (UNS Blend #2) Burn region and the mushy sample beyond that. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 4: (UNS Blend #3) Burn point and then the slight propagation of the flame past the point.  

Image 5: (UNS Blend #4) Slight burning on the outside of the sample but very little past that. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 6: (UNS Blend #5) Charring and consumption of the sample at the burn point. 

Image 7: (UNS Blend #3) 1050 100mm cube analysis showing the sample after analysis. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 8: (UNS Blend #2) 1050 100mm cube analysis showing sample after analysis inside the 
oven.

Image 9: (UNS Blend #2) 1050 100mm cube analysis showing the volume of sample pulled from 
the oven after analysis. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 10: (UNS Blend #2) 1050 100mm cube analysis showing the blacked charred material 
remaining in the sample cage. 

Image 11: (UNS Blend #2) 1050 100mm cube analysis showing the blacked charred material 
within the sample pulled from the inside of the oven. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 12: (UNS Blend #2) 1050 25mm cube analysis showing the expanded sample during the 
analysis.
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 13: (UNS Blend #4) 1050 100mm cube analysis showing the inside of the oven coated in 
the black tarlike substance after analysis.
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 14: (UNS Blend #4) 1050 100mm cube analysis showing the inside of the oven coated in 
the black tarlike substance after analysis. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 15: (UNS Blend #4) 1050 100mm cube analysis showing the inside of the oven after a full 
cleanup of the oven. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 16: (UNS Blend #4) 1050 100mm cube analysis showing the remaining sample within the 
cube after analysis. 

Image 17: (UNS Blend #4) 1050 25mm cube analysis showing the sample encasing the 
thermocouples after analysis. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160105-8 

Image 18: (UNS Blend #5) 1050 100mm cube analysis showing the remaining sample within the 
cube after analysis. 

“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI.” 

 _____                 02/02/16   ___   
Group Leader      Date 
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Attachment A 

Method 1050 Graphs 
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1

Figure 1. Method 1050 – UNS Blend 2 (100mm cube) event occuring during the first four hours 
of analysis. 

Figure 2. Method 1050 – Temperature of UNS Blend 2 (100mm cube) full run. 

Oven Tray Probes indicate sample is 
spilling over to onto the bottom tray of the 
oven less than 1 hour into test 

One of the sample probes indicates the 
sample is heating up at a very fast rate as 
opposed to the other samples tested.    
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Figure 3. Method 1050 – Temperature of UNS Blend 2 (25mm cube) first two hours of the 
analysis show the sample heating and cooling as it expands out of the cubes. 

Figure 4. Method 1050 – Temperature of UNS Blend 2 (25mm cube) full run. 
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Figure 5. Method 1050 – Temperature of UNS Blend 3 (100 mm cube) slight self heating event 
occuring at hour 12. 

Figure 6. Method 1050 – Temperature of UNS Blend 4 (100mm cube) self heating event just 
before 24 hours and continuing for about 7 hours. 

������������

�3�D�J�H���������R�I��������



4

Figure 7. Method 1050 – Temperature of UNS Blend 4 (25mm cube) 

Figure 8. Method 1050 – Temperature of UNS Blend 5 (100 mm cube) with self heating event 
occuring at about 17 hours and continuing for another 9 hours. 
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Figure 9. Method 1050 – Temperature of UNS Blend 5 (25 mm cube) 

Figure 10. Method 1050 – Temperature of UNS Blend 6 (100 mm cube)   
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Figure 11. Method 1050 – Temperature of UNS Blend 7 (100 mm cube)   

Figure 12. Method 1050 – Temperature of UNS Blend 8 (100 mm cube)   
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Figure 13. Method 1050 – Temperature of UNS Blend 9 (100 mm cube)  

Figure 14. Method 1050 – Temperature of UNS Blend 10 (100 mm cube)  
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Figure 15. Method 1050 – Temperature of UNS Blend 11 (100 mm cube)  

Figure 16. Method 1050 – Temperature of UNS Blend 12 (100 mm cube)  
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Figure 17. Method 1050 – Temperature of UNS Blend 13 (100 mm cube)  

Figure 18. Method 1050 – Temperature of UNS Blend 16 (100 mm cube).  
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10 

Figure 19. Method 1050 – Temperature of UNS Blend 18 (100 mm cube). 
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SOUTHWEST RESEARCH INSTITUTE® -------------------------
6220 CULEBRA ROAD 78238-5166 • P.O. DRAWER 28510 78228·0510 • SAN ANTONIO, TEXAS, USA. (210) 684-5111 • WWW.SWRI.ORG 

CHEMISTRY AND CHEMICAL ENGINEERING DIVISION 
DEPARTMENT OF ANALYTICAL AND ENVIRONMENTAL CHEMISTRY 

March 3, 2016 

Los Alamos National Laboratory 
TA-3 SM-271 Drop Point 02U 
Los Alamos, New Mexico 87545 

Attn: Ashley Pryor 

Subject: Case: 
SwRI Project Number: 
SDG: 
SwRI Task Order Number: 
SwRI Sample Receipt Number: 
Samples Received: 
Analysis: 

Dear Ms. Pryor, 

Zeolite 
21592.01.00X 
581318 
150904-4 
56087 
09.03.2015 
Addendum for Blend 9 in 
accordance with the United Nations 
Oxidation Testing 

Please find the enclosed results for Sample ID Blend 9, our Lab System ID 581324, as an 
addendum to the original submitted data package. Should you have any questions, please feel 
free to contact me at 210-522-3242, or via email at radonna.spies@swri.org. 

APPROVED: 

�~�-�-�- --. Michael J. Dammann 
Director 

RPS:jz 
Encl 

Benefiting government, industry and the public through innovative science and technology 
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020001 
SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI TASK ORDER: 150904-4 
SwRI SRR: 56087 
SDG: 581318 
VTSR: 09.03.2015 
CASE: Zeolite 

BLEND 9 
Case Narrative 
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Client: Los Alamos National Laboratory 
SwRI Project Number: 21592.01.006 
SwRI Task Order Number(s): 150904-4 

REANALYSIS 

DOT UN Oxidation Testing 

020002 

The initial classification for Blend 9 was a Packing Group III, which was inconsistent with previous 
testing according to LANL; therefore, the sample was reprepared, and the oxidizer tested was repeated. 
Blend 9 was retested in accordance with the United Nations (UN) "Recommendations on the Transport 
of Dangerous Goods", Section 34, Classification Procedures, Test Methods and Criteria Relating to 
Oxidizing Substances of Division 5.1. The UN procedure assesses the relative hazard of oxidizing 
substances so that an appropriate classification for transport can be made. Tests are conducted on the 
sample mixed with dry fibrous cellulose in mixing ratios of 1: 1 and 4: 1, by mass, of sample to cellulose. 
The burning characteristics of the mixtures are compared with the standard 3:7 mixture, by mass, of 
potassium bromated to cellulose. The reference mixtures and the sample mixtures were tested five 
times at each cellulose mixing ratio. . 

Both ratios sparked, flamed, charred and smoked; however, this reaction was slow and steady and 
continued throughout the 3 min (180 sec) duration that power was applied; therefore, the Blend 9 
classification is Not Division 5.1. 

The only explanations for the initial reporting of Packing Group III was that either the sample could 
have been prepared incorrectly or that the salt in the potassium nitrate/ Swheat mixture partitioned out 
due to density or particle size, 

"I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above. Release of 
the data contained in this hardcopy data package and in the computer-readable data submitted 
on diskette has been authorized by the laboratory manager or his/her designee, as verified by the 
following signature. This report shall not be reproduced except in full without the written 
approval of SwRI." 

2/17/16 
Group Leader Date 
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020003 
SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI TASK ORDER: 150904-4 
SwRI SRR: 56087 
SDG: 581318 
VTSR: 09.03.2015 
CASE: Zeolite 

BLEND 9 
Sample Results 
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020004 
SOUTHWEST RESEARCH INSTITUTE 

UN OXIDIZER TEST 
SAMPLE DATA SHEET 

Lab Name: Southwest Research Institute Client: Los Alamos National Laboratory 

Lab Code: SwRI Project No.: 21592.01.00X 

Matrix: Solid Date Received: 09/0312015 

SRR#: 56087 Task Order #: 150904-4 

Potassium Bromate and Cellulose Reference Mixtures 
Mean Bum Time, sec Mea.11 Bum Time, sec Mean Bum Time, sec 

3:7 2:3 3:2 
KBr03:Cellulose Ratio KBr03:Cellulose Ratio KBr03:Cellulose Ratio 

113.57 54.09 19.44 

Test Substance 
Mean Bum Time, sec Mean Bum Time, sec 

Sample ID SwRI System ID 4:1 1:1 Classification Date Analyzed 
Sample:Cellulose Ratio Sample:Cellulose Ratio 

Blend 9- Rerun 581324 >180 >180 Not Division 5.1 01119/16 

The test criteria for determining oxidizing properties of the substance are: Classification 
Any substance which, in the 4: I or I: 1 sample-to-cellulose ratio (by mass) tested, exhibits a mean burning time less than the mean 
burning time of a 3:2 mixture, by mass, of potassium bromate and cellulose. Packing group I 

Any substance which, in the 4: I or I: I sample-to-cellulose ratio (by mass) tested, exhibits a mean burning time equal to or less 
than the mean burning time of a 2:3 mixture (by mass) of potassium bromate and cellulose; and which does not meet the criteria Packing group II 
for packing group I 

Any substance which, in the 4: I or I: I sample-to-cellulose ration (by mass) tested, exhibits a mean burning time equal to or less 
than the mean burning time of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does not meet the criteria Packing group III 
for packing groups I and II. 

Any substance which, in both the 4: I and I: I sample-to-cellulose ration(by mass) tested, does not ignite and bum, or exhibit mean 
burning times greater than that of a 3:7 mixture (by mass) of potassium bromate and cellulose. Not Division 5.1 

Page 1 of2 
This report may not be reproduced except in its entirety without the written approval of SwRI. 
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020005 SOUTHWEST RESEARCH INSTITUTE 
UN OXIDIZER TEST 

LABORATORY CONTROL SAMPLE DATA SHEET 

Lab Name: Southwest Research Institute Client: Los Alamos National Laboratory 

Lab Code: SwRI Project No.: 2 I 592.01.00X 

Matrix: Solid Date Received: 09/03/2015 

SRR#: 56087 Task Order #: 150904-4 

Acceptance Criteria for Daily Laboratory Control Samples 
Mean Bum Time, sec Mean Bum Time, sec Mean Bum Time, sec 

3:7 2:3 3:2 
KBr03:Cellulose Ratio KBr03:Cellulose Ratio KBr03:Cellulose Ratio 

91-136 sec 43-65 sec 15-23 sec 

Mean Bum Time, sec Mean Bum Time, sec Mean Bum Time, sec 
Sample ID 3:7 2:3 3:2 Data Analyzed 

KBr03:Cellulose Ratio KBr03:Cellulose Ratio KBr03:Cellulose Ratio 

LCS 105.09 54.03 21.47 01119116 

Page20f2 
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020006 
SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI TASK ORDER: 150904-4 
SwRI SRR: 56087 
SDG: 581318 
VTSR: 09.03.2015 
CASE: Zeolite 

BLEND 9 
Raw Data 
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Southwest Research Institute 
020007 

Method: 0 X \ d i "z -e V" lAN 
Project #: __ �/�~�_�.�.�:�.�.�\� <:)..::;.._ �-�-�,�'�1�~�-�z�.�.�_�.�_�O�.�.�.�.�.�;�.�.�)� _' _O_O--'lf'"--__ _ 

Client: Los A \ C\.roQS 

TO# 
/ 

Reference Substance 

KBr03:Cellulose wt KBr03' g wt Cellulose, g 

3:7 9 21 
2:3 12 18 
3:2 18 12 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
Wt,g Wt,g sec 

3:7 1 £1. OOY L\ '2-\ 10025 10q- 59 
3:7 2 q, Ol\l( 2.1, 009to l{\\ .u3 
3:7 3 g. nOS, 'LI. 00 4, , 2-- L\ I �~� t-.\ 
3:7 4 �~� .0\)91 '2-1· on<st \ �\�"�l�,�~�\� 

3:7 5 C1 • (] l") \90 2-1.00 L.j 1 �\�i�,�-�\�·�5�~� 
3:7 Avg 1131S,' 'lo. �~�\�Q�- 1'3 '-I. '2 g-

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
wt,g wt,g sec 

2:3 1 J"Z .... oO ;l �\�~�.� oDSb 50·1S 
2:3 2 tL· aD L{<i< �I�~�,� �o�o�o�~� c:) \. �~�0� 

2:3 3 It . 0015 1-\ �\�~�.� LJb \.gY 4 C\. f '7.5< 
2:3 4 rz..· CouG len ' 00'" \ "63 I '12; 
2:3 5 It'(:;\)7b �\�~�.� OU Ul\ loOt \ U 
2:3 Avg 54· Q'1 4 ) . 7. 1 - \I 4. t'i u1 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
wt,g wt,g sec 

3:2 �t�~� ,00 «S'S \1. bO:,t1 \ 1<, �~�\� 
3:2 2 l<t . bO Z-- 2- \ 2.. aD 4 �~� \ c; .. C;q 
3:2 3 \71".00'3'3 \ z. . ooi11 \1, Sli 
3:2 4 �I�~� ,007D \2 .. 0D311 '1--0 J '7 C) 

3:2 5 \ca-,oot.{q /2·002.0 1- \ .()o 
3:2 Avg l£j, l..J4 15, 55 - 2 �7�>�~� �~�~�c�t� 

Weighted Samples: !h on \ c (0 �6�.�~�c�J�!�d�0�'�-�-�- Balance#:) 1 S 
Tested Samples: YYI nY! i {c;... h b.bcJd OVJ Timer ID: �~� G 11 OJ :\ �~� 't er 
Potassium Bromate: Inorg# to '3 LI 5'"5 - \..034 Sl Dried:'?"z.. h r5 ' @ <J S' () C 

Cellulose: Inorg# �~�l�f�z�.�.�8� Dried: IOSrJG i 74hr5. 
Variac Setting: GO.r J vJ ' 

Date: /Z/I/ IS 
D::Ite: 17) /( I /") 

, 

'" 
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020008 
Southwest Research Institute 

Method: UN Oxidizer 

Project #: '1) 5 q �~�.� () I· 00 1O 
Client: Los Alamos 

TO# \5()90Y -4 

Sample Analysis 

System 10: B l·eVld tq (]()-bl- WCSIl.) �"�B�l�v�J�~�r�-
'-

Sample:Celiulose WtSample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep Burning Time, 
Comment 

4:1 1 

4:1 2 

4:1 3 

4:1 4 

,",<,i(-' �~� l" ." 

2':"", 

Ratio Rep 

1:1 1 

1:1 2 

1:1 3 

1:1 4 

1:1 5 

�G�f�\�u�~�c�;� �5�h�>�~�c�i� SOOn �d�f�~� �f�O�~�(� off. 

Weighted Samples: 

Tested Sam pies: 

Sample Dried? 

Balance#: 13S Date: ,L'1/1 V 

Timer ID: �~� QYCJ LIlY le Date: " " J I (p , ' 
YESG) Dried: 

Cellulose: Inorg# tl,SSl0 Dried: >4hrs. @ 1 05C 

Variac Setting: 

Classification: t-..J ,"1+ 7'\, \lie'j fl..... C:;-, I, 
I 'J' '-' I V , .;:J, ..... 'I \ -
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Southwest Research Institute 020009 

�~�Y�1�8�t�h�o�d�:� 

Project #: �-�-�:�-�k�~�\�.�.�.�;�;�;�.�'�5�_�q�.�:�.�.�2�.�;�:�;�;�.�.�.�.�.�.�'� .;:;.,b.;,..1 �·�-�-�:�:�:�:�:�;�O�.�.�.�;�;�;�;�o�_�t�p�~� ___ _ 
Client: �~�o�s� A) CU;\O 5 
TO# ILQ 01 () 5- 8' J t20qOt..l-L-{ 

Reference Substance 

KBr03:Celiulose Wt KBr03' 9 Wt Cellulose, 9 

3:7 9 21 
2:3 12 18 
3:2 18 12 

Ratio Rep Comment 

3:7 1 

3:7 2 

3:7 3 

3:7 

Rep 

2:3 1 I ()3 
2:3 2 

2:3 3 

2:3 4 

2:3 5 

Ratio Rep Actual KBr03 
Wt, sec 

Comment 

3:2 1 �l�~�·� 0 
3:2 2 

3:2 3 

3:2 4 

3:2 5 

.' �:�:�E�~�'�~�~�;�i�1�<�;�"�·�j�}�.�;�~�'�:�·�·�:�A�;�~�~�;�'�P�i�!� 

Weighted Samples: Date: IIV.1t I , lR 
Tested Samples: Date: ih Sillp 
Potassium Bromate: 

Cellulose: 

Variac Setting: 

Inorg# (g '3 4 55 - LR3l( 51 Dried: 7 I Lb () <€;) (2:S 0 c.., 

Inorg# lJ. SSW Dried: / '-\ '" t S @ to S DC 
150 tJw 
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SwRI Test Report, March 11, 2016 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160307-2 

WETCHEM ANALYSIS

Initial sample preparation

This report encompasses the preparation and analysis of UNS and RNS debris blends as well as the 
reevaluation of RNS Blend 14 through 24 for paint filter (Method 9095B). Table 1 contains the 
sample ID’s, solution used, and the methods requested on each of the blends. Both the UNS and 
RNS waste surrogates were prepared following the scope of work provided by Los Alamos.

RNS waste surrogate Blends 14 through 24 were prepared by using dried 1:1, 1:3, 1:4, and 2:1 WB8 
to Swheat ratios made during the previous analysis of these blends. The salt mixtures were then 
added to water at either a 1:1 or 2:1 water to salt ratios. These mixtures were mixed and allowed to 
sit for several minutes before being added to zeolite at either a 2:1 or 3:1 zeolite to salt ratio. After 
adding in the zeolite the blends were allowed to sit for 24 hours prior to analysis. 

The dry debris material used in the RNS and UNS debris testing was sent to Southwest Research 
Institute (SwRI) by Los Alamos in two shipments. The first shipment was precut samples to be used 
form Methods 1050 and 1030 analysis and the second shipment contained additional uncut sample if
needed. The debris included: cardboard, plastic drum liner, black rubber gloves, and Kimberly-Clark 
L40 white Wypall towels. For the UNS testing, samples were first weighed and soaked in a 2L 
beaker containing the UNS solution. After soaking, the samples were placed onto a rack above a 
catch pan to drain for one hour. When draining was complete, the sample was submitted for analysis. 
The only exception to this process was for the towels. The towels weresoaked for two hours, 
squeezed to remove excess solution, and then analyzed. Images of this soaking and drying process 
can be seen in Images 1 through 4. 

For the RNS testing, a 1:1 Swheat to WB8 salt mixture was made and then applied to the debris 
using a rolling pin. After the RNS mixture was applied to one side of the debris, it was flipped over 
and applied to the other side as well. The coated debris samples were then shaken and tapped to 
remove any loose material from the surface of the debris prior to the 1050 and 1030 analysis. Sample 
weights were taken prior to impregnating the samples and after removing excess debris. Images of 
the impregnation process can be seen in images 5 through 9. All of the initial and tested weights for 
the RNS and UNS Methods 1030 and 1050 analysis can be found in Tables 2 and 3.  

SW-846 9095B: Paint Filter

For this method, 100g of each blend was placed into a Gerson 260um paint filter (PN010714R, Lot# 
B5140428JF8) that was suspended over a 100 mL graduated cylinder for 5 minutes to collect any 
free liquids. During this 5-min period, if any of the sample material drips into the cylinder, the 
material is deemed to contain free liquids for purposes of 40 CFR 264.314 and 265.314. Under the 
laboratory conditions, all RNS waste surrogate blends were deemed to contain no free liquids

������������
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160307-2 

Table 1. Surrogate creation and analysis table

Surrogate ID
Times 
made

Solution  
Methods

1030 1050 Paint filter

Blend 14 1 RNS Surrogate * * 1 
Blend 15 1 RNS Surrogate * * 1 
Blend 16 1 RNS Surrogate * * 1 
Blend 17 1 RNS Surrogate * * 1 
Blend 18 1 RNS Surrogate * * 1 
Blend 19 1 RNS Surrogate * * 1 
Blend 20 1 RNS Surrogate * * 1 
Blend 21 1 RNS Surrogate * * 1 
Blend 22 1 RNS Surrogate * * 1 

Blend 23 1 RNS Surrogate * * 1 
Blend 24 1 RNS Surrogate * * 1 
Cardboard baseline 1 NA 1 1 * 
Towel baseline 1 NA 1 1 *
Plastic baseline 1 NA 1 1 *
Gloves baseline 1 NA 1 1 *
UNS Cardboard 2 UNS Surrogate 2 2 *
UNS Towel 2 UNS Surrogate 2 2 *
UNS Plastic 2 UNS Surrogate 2 2 *
UNS Gloves 2 UNS Surrogate 2 2 *
RNS Cardboard 2 RNS Surrogate 2 2 *
RNS Towel 2 RNS Surrogate 2 2 *
RNS Plastic 2 RNS Surrogate 2 2 *
RNS Gloves 2 RNS Surrogate 2 2 *

          *Testing not required for these methods. 

������������
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160307-2 

Table 2. Weights of the debris samples for 1050 analysis

Sample
Cube 
(mm)

Initial wt 
(g)

Soaked wt 
used (g)

Wt soaked 
sample 
not used 

(g)

Wt 
UNS/RNS 
on sample 

(g)

After 
analysis
wt (g)

Cardboard Baseline 100 542.10 NA NA NA 525.79
Plastic Baseline 100 413.51 NA NA NA 409.48
Gloves Baseline 100 523.93 NA NA NA 522.29
Towel Baseline 100 92.742 NA NA NA 88.659
UNS-Cardboard 100 567.77 738.71 157.36 328.30 482.51
UNS-Cardboard 
Dup 100 583.69 802.93 129.21 348.45 533.38
UNS-Towel 100 97.12 669.19 NA 572.07 86.40
UNS-Towel Dup 25 4.134 26.313 NA 22.179 2.902
UNS-Gloves 100 582.02 619.94 NA 37.92 581.73
UNS-Gloves Dup 100 571.95 619.24 NA 47.29 570.65
UNS-Gloves Trip 100 547.26 579.85 NA 32.59 546.85
UNS-Plastic 100 406.85 458.22 NA 51.38 413.73
UNS-Plastic Dup 100 533.90 600.85 NA 66.95 543.16
RNS-Cardboard 100 421.69 606.47 NA 184.78 502.80
RNS-Cardboard 
Dup 100 392.38 561.29 NA 168.91 456.55
RNS-Plastic 100 358.67 589.34 NA 230.67 467.91
RNS-Plastic Dup 100 329.21 584.94 NA 255.73 443.50
RNS-Towel 100 62.45 654.75 NA 592.30 356.19
RNS-Towel Dup 100 60.41 605.11 NA 544.70 322.95
RNS-Gloves 100 351.39 601.88 NA 250.49 462.30
RNS-Gloves Dup 100 340.95 552.88 NA 211.93 426.32

SW-846 1030: Ignitability of Solids

The debris material was cut into strips and layered on top of each other to be 250 mm in length x 
20mm wide x 10mm in height. An ignition source was applied to one end of the test material to 
determine whether combustion would propagate along 200 mm of the strip within 2 minutes. If the 
material combustion propagated, the burning time was measured over a distance of 100 mm and the 
rate of burning would be determined. The samples were then placed onto a ceramic tile with marks at 
the 80 and 180 mm in from the end of the train. The ceramic tile was placed about 8 inches in a hood 
with the sash lowered to give an airflow of about 0.7 m/sec. One end of the train was exposed to the 
end of an acetylene torch with a temperature greater than 1000°C. The torch was held there for 2 
minutes. If the sample began to burn down the train, the time taken to get from the 80 to 180 mm 
mark was measure to determine the burn rate. Wastes that have a rate of burning of more than 2.2 
mm/sec (or burn time of less than 45 sec for 100 mm) are considered to have a positive result for 
ignitability according to DOT regulations.
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Table 3. Weights of the debris samples for 1030 analysis.

Sample Initial wt(g) Soaked wt (g)
Wt UNS/RNS 
on sample (g)

Cardboard Baseline 40.177 NA NA
Plastic Baseline 47.876 NA NA
Gloves Baseline 60.157 NA NA
Towel Baseline 6.726 NA NA
UNS-Cardboard 41.926 66.048 24.122
UNS-Cardboard Dup 39.919 63.495 23.576
UNS-Plastic 44.471 51.853 7.382
UNS-Plastic Dup 50.384 59.985 9.601
UNS-Rubber gloves 65.51 76.766 11.256
UNS-Rubber gloves 
Dup 48.134 56.899 8.765
UNS-Towel 7.177 63.418 56.241
UNS-Towel Dup 7.498 64.245 56.747
RNS-Cardboard 39.658 56.190 16.532
RNS-Cardboard Dup 43.715 64.251 20.536
RNS-Plastic 23.341 39.504 16.163
RNS-Plastic Dup 25.76 41.616 15.856
RNS-Rubber gloves 38.292 57.059 18.767
RNS-Rubber gloves 
Dup 37.155 53.874 16.719
RNS-Towel 4.165 88.569 84.404
RNS-Towel Dup 4.752 90.415 85.663

A baseline was performed on all of the untreated debris to determine their where the material itself 
was considered ignitable. All of the debris samples maintained a flame after the torch was removed 
at 2 minutes but only the cardboard and towel had any propagation. The Cardboard propagated to the
80mm mark and slowly propagated approximately 20 mm before extinguished itself at after 4½ 
minutes (Image 10). The rubber gloves and Plastic only burned andmelted at the flame initiation 
point (Image 11 & 12). The Towel burned the entire length of the sample and had a burn rate of 
3.52mm/sec (Image 13). Out of the four baseline debris samples, only the towel is considered to be 
flammable under the test conditions and criteria outlined in Method 1030.   

The analysis of the UNS debris was performed in duplicate. None of the UNS debris samples 
propagated to the 80mm mark. This is likely attributed to the amount of moisture absorbed by the 
debris during the soaking process. The UNS-Cardboard charred and burned during the analysis but 
did not have any propagation past the point of flame application (Image 14). The UNS-Rubber 
gloves initially exhibit a large flame when the torch was first applied and dark smoke billowed from 
the sample throughout the analysis but did not propagate (Image 15). The UNS-Plastic maintained a 
flame for up to 30 seconds after removing the torch at 2 minutes but did not propagate to the 80mm 
mark. During the analysis the sample burned and charred causing the burn area to turn into a 
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blackened brown melted mass (Image 16). The towel shriveled up and formed a white granular layer 
around the sample but no flame or propagation was observed (Image 17). Since none of the UNS
debris samples propagated to the 80mm mark, they were all considered non-flammable under the test 
conditions and criteria outlined in Method 1030.  

The analysis of the RNS debris analysis was performed in duplicate. None of the RNS debris 
samples propagated to the 80mm mark. The RNS-Cardboard burned for approximately 7 seconds 
after removal of the ignition source (Image 18). The RNS-Rubber had a small amount of billowing 
smoke and only burned at the point of the flame application but had no propagation (Image 19). The 
RNS-Plastic burned for up to 15 seconds after the flame was removed and only burned at the point of 
flame application with no propagation (Image 20). The RNS-Towel formed granular crust on the 
outside and browned slightly but no flame or propagation was observed (Image 21). Since none of 
the RNS debris samples propagated to the 80mm mark, they were all considered non-flammable 
under the test conditions and criteria outlined in Method 1030.  

Fine Excelsior (natural hardwood shavings) was used as a positive control each day testing was 
performed.  

SW-846 1050: Spontaneous combustion and self heating 

Due to the nature of the samples, the preliminary (Method A) which looks for spontaneous 
combustion, was not performs. Instead, testing proceeded directly to Method C -Self Heating. In this 
test, a 100-mm sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 
hours to determine whether it undergoes spontaneous ignition or a rise in sample temperature to over 
200oC within the 24 hours.  If the results of the preliminary test are positive, a second test using a 
25-mm sample cube is conducted to further classify the wasteas specified in Table 4. 

Table 4.  Method 1050 Waste Classification 
Results of Self-Heating Test DOT Packing Group

Negative for the 100-mm cube test Not a Self-Heating Waste
Positive for the 100-mm , but negative for the 25-mm cube test III
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone

II

  
The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those sample 
believed to have event in order to keep the thermocouples and lids from coming out of the sample. 
Also up to two thermocouples were placed in a tray below the sample in case any sample pushed out 
of the cube and onto the tray. Once the thermocouples were in place, the oven was ramped to 140°C
± 2°C and held for 24-48 hours depending on when the sample reached temperature.  Although the 
method states testing to be conducted for 24 hours, a few of the samples did not reach 140°C ± 2°C
until midway or close to the initial 24 hour period, therefore the testing was extended to a minimum 
of 12 hours after the sample had reached temperature. Temperatures of the oven and sample were 
collected every 10 seconds and plotted to determine if the sample temperature exceeded 200°C 

������������

�3�D�J�H���������R�I��������



Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160307-2 

during the time of testing. At the conclusion of the test, the oven was turned off and allowed to cool 
before removing the sample. The oven and sample temperature graphs are located in Attachment A.  

An initial baseline analysis was performed on each of the debris samples. For the Cardboard analysis, 
the sample was layered together in the cube and four holes were drilled so the thermocouples could 
be placed in the center of the cardboard mass. The Cardboard sample got to temperature within 
approximately 6 hours and remained there for the duration of the test (Image 22). The Plastic
reached temperature with 5 hours and remained for the duration of the test (Image 23). The Rubber 
gloves reached temperature within 4 hours and remained at an elevated temperature of 144°C
throughout testing (Image 24). The Towel came to temperature fairly quickly and remained at 
temperature for the entirety of the test. The temperature charts for the baseline samples can be found 
in Figures 1-4 of Attachment A.  Since none of the baseline debris samples exceeded 200°C during 
the analysis, all are classified as “Not a Self-Heating Waste” as defined by Method 1050 under the 
laboratory testing conditions. 

The UNS debris samples were prepared the day of analysis and were run in duplicate using the 
100mm cube. The UNS-Cardboard reached the test temperature within 5 hours and exceeded 
temperature by as much as 7°C before eventually coming back down to 140°C (Image 25 & 26) The 
UNS-Plastic samples reached temperature within 6 hours and slightly rose above 140°C but 
remained at temperature for the entirety of the testing. The UNS-plastic appeared black and brown 
after analysis but no event appears to have taken place within the sample (Image 27 & 28).  The 
UNS-Rubber gloves reached temperature within 6-7 hours and remained at temperature for the 
entirety of the analysis (Image 29 & 30 – the data file for the initial test was corrupt; therefore, 
duplicate and triplicate were reported. SinceUNS-Cardboard, UNS-Plastic and UNS-Rubber gloves 
did not exceeded 200°C during the analysis, all were are classified as “Not a Self-Heating Waste” as 
defined by Method 1050 under the laboratory testing conditions.    As the UNS-Towel sample 
approached the test temperature 11 hours into testing, an event occurred and caused the temperature 
to rise above 600°C. Once the sample was removed from the oven, it did appear to be charred, brittle, 
and discolored (Image 31). The UNS-Towel was retested in duplicate using the 25mm cubes.  A little 
over 1½ hours into the test, an event occurred causing the samples to exceed 500°C. Once removed 
from the oven, the sample had a similar appearance to the 100mm cube (Image 32). Since the UNS-
Towel sample exceeded 200°C on both the 100mm and 25mm cubes, it is considered to be a DOT 
Packing Group II. All temperature charts for the UNS debris samples are found in Figure 5-12 in 
Attachment A.

The RNS samples were prepped the day of analysis and were run in duplicate using the 100mm cube. 
When impregnating the cardboard with the RNS mixture, it mainly soaked up the free liquid fraction 
of the RNS and only retained small amounts of kitty litter after tapping the loose material off. The 
RNS-Cardboard attained test temperature within 10 hours and remained at temperature for the 
entirety of the test (Image 33 and 34). When pressing the RNS waste into the plastic, the plastic 
became a little moist and maintained only a small amount of solid material from the RNS. The RNS-
Plastic samples reached temperature within approximately 9 hours and slightly rose above 140°C
before returning to the test temperature. After testing, it was noted that the RNS-Plastic darkened but 
no event seem to have occurred within the sample (Image 35). The RNS-Rubber gloves had the same 
moisture and solid content as the RNS-Plastic had. The RNS-Rubber gloves reached test temperature 
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between 8-12 hours and remained at temperature for the remainder of the test (Image 36). The towel 
was the most difficult debris to impregnate due to the fact that it would absorb all the moisture out of 
the 1:1 WB8 to Swheat in the matter of just a few pieces. In order to have the same sample 
consistency throughout the cube several small batches of 400mL WB8 to 400mL Swheat were made 
for each RNS-Towel test. The RNS-Towel samples took 15 to 22 hours to reach the test temperature
and remained at temperature for the remainder of the analysis (Image 37 & 38). It was noted that at 
all the RNS debris samples expanded in volume during testing. Since none of the RNS debris 
samples exceeded 200°C during the analysis, all of them are classified as “Not a Self-Heating Waste” 
as defined by Method 1050 under the laboratory testing conditions. All of the temperature charts for 
the RNS debris samples can be found in figure 13-20 in Attachment A.  
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Image 1: Soaking of the cardboard sample in UNS solution for 1050 analysis. 

Image 2: Draining of the Cardboard sample for the UNS 1050 analysis. 
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Image 3: Soaking of the Plastic, Rubber gloves, and Towel samples for UNS 1030 analysis. 

Image 4: Draining of the Cardboard, Plastic, and Rubber gloves for UNS 1030 analysis.
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Image 5: Overview show how samples were impregnated with the RNS surrogate. 

Image 6: RNS impregnation of the Cardboard for 1050 analysis. 
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Image 7: RNS-Plastic as it was being stuffed into the 100mm cube for 1050 analysis. 

Image 8: RNS-Towel for 1050 analysis.
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Image 9: RNS-Rubber gloves for 1050 analysis. 

Image 10: Cardboard 1030 baseline analysis showing the sample reaching the 80mm but slowing 
down and just smoldering slightly after the mark. 
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Image 11: Rubber end that was under the torch during the baseline 1030 analysis. 

Image 12: Melted and charred end of the plastic during the baseline 1030 analysis. 
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Image 13: Smoldering remains of the baseline 1030 Towel analysis.

Image 14: UNS-Cardboard for 1030 analysis showing the white nitrate formations farther away 
from the burn point and the charring at the burn point.  
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Image 15: UNS-Rubber glove for 1030 analysis showing the burn region that was brittle to the 
touch and some of the white nitrate layer on the outside of the sample. 

Image 16: UNS-Plastic for 1030 analysis showing the charred melted mass formed at the burn 
point of the sample.  

������������

�3�D�J�H���������R�I��������



Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160307-2 

Image 17: UNS-Towel for 1030 analysis showing the white granular formation in the burn point. 

Image 18: RNS-Cardboard for 1030 analysis showing the crumbling of the sample and the 
burning that took place at the burn point.  
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Image 19: RNS-Rubber gloves for 1030 analysis showing the slight burning that took place 
during the analysis. 

Image 20: RNS-Plastic for 1030 analysis showing the external granular formation and the 
melting at the burn point.  
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Image 21: RNS-Towel for 1030 analysis showing the granular crust on the outside of the sample 
and the slight browning that took place.  

Image 22: Baseline Cardboard for 1050 analysis showing little change after the analysis was 
performed.
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Image 23: Baseline Plastic for 1050 analysis showing the slight discoloration and shrinkage of 
the sample during testing.  

Image 24: Baseline Rubber gloves for 1050 analysis showing the stiffening of the sample into the 
cube shape.  
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Image 25: UNS-Cardboard for 1050 analysis showing the streaks and different shades of brown 
after analysis.

Image 26: UNS Cardboard after 1050 analysis showing the sandy particles coming of the sample 
when rubbing ones hand across it. 
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Image 27: UNS-Plastic while stuffing the 100mm cube prior to analysis.

Image 28: UNS-Plastic after 1050 analysis showing the darkened color and the cube form the 
sample took on. 
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Image 29: UNS-Rubber gloves after 1050 analysis showing slight stiffness and coating of salt 
material.

Image 30: UNS-Rubber gloves after 1050 analysis showing the accumulation of salt lower down 
in the base region of the cube. 
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Image 31: UNS-Towel (100mm cube) 1050 analysis showing the remaining sample after event 
being charred and burnt.  

Image 32: UNS-Towel after 1050 analysis showing sample that was removed from the two 
25mm cubes used in the analysis. 

������������

�3�D�J�H���������R�I��������



Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160307-2 

Image 33: RNS-Cardboard after 1050 analysis showing the covering of the sample in the RNS 
waste. 

Image 34: RNS-Cardboard after 1050 analysis showing some darkened areas within the central 
region of the 100mm cube. 
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Image 35: RNS-Plastic after 1050 analysis showing the darkening of the sample and the NS 
waste expanding within the 100mm cube. 

Image 36: RNS-Rubber gloves after 1050 analysis showing the expansion of the sample due to 
the RNS waste.
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Image 37: RNS-Towel after 1050 analysis showing the discoloration of the towel and the lack of 
expanse seen in the other RNS waste debris samples. 

Image 38: RNS-Towel after 1050 analysis showing how it became a hardened cube during the 
analysis. 
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“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI.” 

_____      _                                            
Group Leader       Date

 3-10-16                      ___   
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Attachment A 

Method 1050 Graphs 
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Figure 1. Method 1050 – Cardboard Baseline (100mm cube) full run. 

Figure 2. Method 1050 – Plastic Baseline (100mm cube) full run. 
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Figure 3. Method 1050 – Rubber Gloves Baseline (100mm cube) full run showing the slightly 
elevated temperature above 140°C.

Figure 4. Method 1050 – Towel Baseline (100mm cube) full run. 
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Figure 5. Method 1050 – UNS Cardboard (100mm cube) full run. 

Figure 6. Method 1050 – UNS Cardboard Duplicate (100mm cube) full run. 
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Figure 7. Method 1050 – UNS Plastic liner (100mm cube) full run

Figure 8. Method 1050 – UNS Plastic liner Duplicate (100mm cube) full run.
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Figure 9. Method 1050 – UNS Rubber Gloves Duplicate (100mm cube) full run. 

Figure 10. Method 1050 – UNS Rubber Gloves Triplicate (100mm cube) full run 
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Figure 11. Method 1050 – UNS Towel (100 mm cube) showing an event occuring around ll 
hours into the analysis.  

Figure 12. Method 1050 – UNS Towel (25 mm cube)  showing an event occuring a little over 1½ 
hours into analysis. 
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Figure 13. Method 1050 – RNS Cardboard (100mm cube) full run  

Figure 14. Method 1050 – RNS Cardboard Duplicate (100mm cube) full run  
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Figure 15. Method 1050 – RNS Plastic liner (100mm cube) full run.  

Figure 16. Method 1050 – RNS Plastic liner Duplicate (100mm cube) full run
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Figure 17. Method 1050 – RNS Rubber gloves (100mm cube) full run. 

Figure 18. Method 1050 – RNS Rubber gloves Duplicate (100mm cube) full run.  
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Figure 19. Method 1050 – RNS Towel (100mm cube) two thermocouples malfunctioned during 
this analysis which is why there are only two in the sample instead of the usual four.  

Figure 20. Method 1050 – RNS Towel Duplicate (100mm cube) full run. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 
WETCHEM ANALYSIS 
 
Initial sample preparation 
 
This report encompasses the preparation and analysis of the solid Sodium Nitrate solution blends 
presented in Table 1 which contains the sample ID’s and the methods requested on each of the 
blends. Three different sodium nitrate solutions were prepared in accordance with the scope of work 
provided by Los Alamos. The three solutions include; 1 molar nitric acid (Sod Nit A) and 1 molar 
sodium hydroxide (Sod Nit B) solutions saturated with sodium nitrate, and a 1 molar nitric acid 
solution that was first saturated with sodium nitrate and then pH adjusted between 4-9 with 
Spilfyter® Kolorsafe® liquid acid neutralizer (Sod Nit A pH).  
 
To make the blends, each solution was mixed with Swheat in the designated ratios and then allowed 
to set for 24 hours. After the 24 hours water was added if required and then zeolite was added in the 
designated ratios. Once the zeolite was added the samples were allowed to set for an additional 24 
hours prior to submittal for analysis (Image 1).  
 
Table 1. Surrogate creation and analysis table 

Surrogate ID 
Times 
made 

Methods 

1030 1050 
UN Ox solid 
(DOT 0.1) 

Paint filter 

Sod Nit A – Zeo 1 2 *  *  1 1 
Sod Nit A – Zeo 2 1 *  *  1 1 
Sod Nit B – Zeo 1 2 *  *  1 1 
Sod Nit B - Zeo 2 1 *  *  1 1 
Sod Nit A pH – Zeo 1 1 *  *  1 1 
Sod Nit A pH – Zeo 2 1 *  *  1 1 
Sod Nit A Blend 1 1 1 1 1 1 
Sod Nit A Blend 2 1 1 1 1 1 
Sod Nit A Blend 3 1 1 1 1 1 
Sod Nit A Blend 4 1 1 1 1 1 
Sod Nit B Blend 1 1 1 1 1 1 
Sod Nit B Blend 2 1 1 1 1 1 
Sod Nit B Blend 3 1 1 1 1 1 
Sod Nit B Blend 4 1 1 1 1 1 
Sod Nit A pH Blend 1 1 1 1 1 1 
Sod Nit A pH Blend 2 1 1 1 1 1 
Sod Nit A pH Blend 3 1 1 1 1 1 
Sod Nit A pH Blend 4 1 1 1 1 1 

*Testing not required for these methods. 
 
(Note: Sod Nit A and Sod Nit B – UN Ox Liquid (DOT 0.2) testing will be submitted separately.) 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 
SW-846 9095B: Paint Filter 
 
For this method 100g of each blend was placed into a Gerson 260um paint filter (PN010714R, Lot# 
B5140428JF8) that was suspended over a 250 mL beaker for 5 minutes to collect any free liquids. 
During this 5-min period if any of the sample material drips into the cylinder, the material is deemed 
to contain free liquids for purposes of 40 CFR 264.314 and 265.314. Initially, Sod Nit A – Zeo 1 and 
Sod Nit B – Zeo 1 were made at the requested 2:1 Zeolite to waste ratio. When these two samples 
were analyzed they both began dripping liquid after about 3 minutes in the paint filter (Image 2). 
When this information was presented to the Los Alamos, they decided to raise the ratio from 2:1 to 
4:1.  Under the laboratory conditions all other sodium nitrate blends tested for paint filter were not 
deemed to contain free liquids.  
 
SW-846 1030: Ignitability of Solids 
 
An ignition source is applied to one end of the test material to determine whether combustion will 
propagate along 200 mm of the strip within 2 minutes. If the material combustion propogates, the 
burning time was measured over a distance of 100 mm and the rate of burning would be determined. 
The surrogate material was formed into an unbroken powder train, 250 mm in length atop a ceramic 
tile with marks at the 80 and 180 mm in from the end of the train. The ceramic tile was placed about 
8 inches in a hood with the sash lowered to give airflow of about 0.7 m/sec. One end of the train was 
exposed to the end of an acetylene torch with a temperature greater than 1000°C. The torch was held 
there for 2 minutes and if the sample began to burn down the train the time taken to get from the 80 
to 180 mm mark was measure to determine the burn rate.  
 
All of the sodium nitrate samples followed the same series of events during the analysis. The 
surrogate sample would go from a moistened, green color to a dry white, faint green color as the heat 
dried the sample; the samples would then proceed to char (Image 3). The only notable difference 
was all the Sod Nit A Blends 1 through 4, Sod Nit A pH Blend 1, and Sod Nit B Blend 3 had a 
cracking sound to them most likely from the nitrate salts being heated. Since none of the blends 
burned into the 100mm zone, all are considered non-flammable under the test conditions and criteria 
outlined in Method 1030.   
 
Fine Excelsior (natural hardwood shavings) were used as a positive control each day testing was 
performed.  
 
SW-846 1050: Spontaneous combustion and self heating 
 
The surrogates for this analysis were first sprinkled several times onto a ceramic tile to observe if 
they smoked or flamed and could be considered pyrophoric solids by test Method A. Since none of 
the samples exhibited these characteristics, they were tested by Method C. In this test, a 100-mm 
sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 hours to 
determine whether it undergoes spontaneous ignition or a rise in sample temperature to over 200C 
within the 24 hours.  If the results of the preliminary test are positive, a second test using a 25-mm 
sample cube is conducted to further classify the waste as specified in Table 2. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 
Table 2.  Method 1050 Waste Classification 

Results of Self-Heating Test DOT Packing Group 
Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III 
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II 

  
The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those sample 
believed to have event in order to keep the thermocouples and lids from coming off the sample. Also 
up to two thermocouples were placed in a tray below the sample in case any sample pushed out of 
the cube and onto the tray. Once the thermocouples were in place, the oven was ramped to 140°C ± 
2°C and held for 24-48 hours depending on when the sample reached a stable temperature.  Although 
the method states testing to be conducted for 24 hours, many of the samples did not reach 140°C ± 
2°C during the initial 24 hour period, therefore the testing was extended to a minimum of 12 hours 
after the sample had reached a stable temperature.  Temperatures of the oven and sample were 
collected every 10 seconds and plotted to determine if the sample temperature exceeded 200°C 
during the time of testing. At the conclusion of the test, the oven was turned off and allowed to cool 
before removing the sample. The oven and sample temperature graphs are located in Attachment A.   
 
Two sodium nitrate samples were analyzed simultaneously, using the 100mm cube, since past 
samples having similar combinations of waste and zeolite did not self heat.  These blends were 
allowed to run for at least 38 hours before ending the analysis due to their moisture content. 
Although the method states testing to be conducted for 24 hours, many of the samples not reaching 
140°C ± 2°C during the initial 24 hour period, therefore the testing was extended to a minimum of 12 
hours after the sample had reached a stable temperature. After the analysis the cubes were removed 
and all had a dried zeolite appearance to them and most of them came readily out of the cube. Sod 
Nit A pH Blend 1 formed hardened chunks of zeolite but no odd coloring or event took place (Image 
4).  Since none of these blends exceeded 200°C during the analysis all of them are classified as “Not 
a Self-Heating Waste” as defined by Method 1050. 
 
DOT UN Oxidation testing 
 
The sodium nitrate solid blends were tested in accordance with the United Nations (UN) 
“Recommendations on the Transport of Dangerous Goods”, Section 34, �&�O�D�V�V�L�I�L�F�D�W�L�R�Q���3�U�R�F�H�G�X�U�H�V����
�7�H�V�W���0�H�W�K�R�G�V���D�Q�G���&�U�L�W�H�U�L�D���5�H�O�D�W�L�Q�J���W�R���2�[�L�G�L�]�L�Q�J���6�X�E�V�W�D�Q�F�H�V���R�I���'�L�Y�L�V�L�R�Q��������������The UN procedure 
assesses the relative hazard of oxidizing substances so that an appropriate classification for transport 
can be made.  Tests are conducted on the samples mixed with dry fibrous cellulose in mixing ratios 
of 1:1 and 4:1, by mass, of sample to cellulose.  The burning characteristics of the mixtures are 
compared with the standard 3:7 mixture, by mass, of potassium bromated to cellulose.  If the burning 
time is less than the standard mixture, the burning times should be compared with those from 
packing group I or II  or category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of 
potassium bromated to cellulose, respectively. See Table 3 for classification. Table 4 presents the 
results for the reference standards. Tables 5 and 6 lists the comments the analyst noted for each of 
the two sample-to- cellulose ratio burns.  
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 
All sodium nitrate solid blends were classified as “Not Division 5.1”.   
 
Table 3.  Oxidizer Classifications 

The test criteria for determining oxidizing properties of the substance are: 
UN  
Classification 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by 
mass, of potassium bromate and cellulose. 

Packing group I 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I 

Packing group II 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) 
tested, exhibits a mean burning time equal to or less than the mean burning time 
of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does 
not meet the criteria for packing group I and II. 

Packing group III 

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) 
tested, does not ignite and burn, or exhibit mean burning times greater than that of 
a 3:7 mixture (by mass) of potassium bromate and cellulose.  

Not Division 5.1 

 
Table 4.  Potassium Bromate and Cellulose Reference Mixtures 

Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 
3:7 2:3 3:2 

KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio 
135.32 52.44 19.54 

 
Table 5.  Comments for Sample to Cellulose ratio of 4:1 

Sample ID Comment 4:1 
Sod Nit A – Zeo 1 Spontaneous flames at wire leads, charring, smoke 
Sod Nit A – Zeo 2 Charring around wire leads, smoke, no flame 
Sod Nit B – Zeo 1 Charring at wire leads, smoke. 
Sod Nit B - Zeo 2 Charring around wire leads & smoking 
Sod Nit A pH – Zeo 1 Charring around wire, smoke, no flames 
Sod Nit A pH – Zeo 2 Charring around wire, smoke, no flames 
Sod Nit A Blend 1 Charring around wire, smoke, no flames 
Sod Nit A Blend 2 Charring at wire leads, slight smoke, no flames 
Sod Nit A Blend 3 Charring around wire, smoke 
Sod Nit A Blend 4 Charring around wire, smoke, no flames 
Sod Nit B Blend 1 Charring around wire, smoke, no flames 
Sod Nit B Blend 2 Charring around wire, smoke, no flames 
Sod Nit B Blend 3 Charring at wire leads, smoke & random flames at wire leads 
Sod Nit B Blend 4 Charring around wire leads & smoke, no flames 
Sod Nit A pH Blend 1 Charring around wire leads, spontaneous flame at front wire lead. Smoke 
Sod Nit A pH Blend 2 Charring around wire and smoke 
Sod Nit A pH Blend 3 Charring around wire, smoke, no flames 
Sod Nit A pH Blend 4 Charring around wire leads, smoke, no flames 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 
Table 6 Comments for Sample to Cellulose ratio of 1:1 

Sample ID Comment  1:1 
Sod Nit A – Zeo 1 low flames at wire leads, charring and smoke. 
Sod Nit A – Zeo 2 low flames at the wire leads, charring and smoke 
Sod Nit B – Zeo 1 flames at wire leads, smoke + charring. One rep had slight propagation of the 

flame. 
Sod Nit B - Zeo 2 charring at wire leads and smoking 
Sod Nit A pH – Zeo 1 small flames at wire leads, charring and smoke 
Sod Nit A pH – Zeo 2 small flames at wire leads, smoke and charring 
Sod Nit A Blend 1 small flames at wire leads, smoke + charring 
Sod Nit A Blend 2 small flames at wire leads, smoke 
Sod Nit A Blend 3 small flames at wire leades, charring and smoke. Flame propagated slightly on 

one rep. 
Sod Nit A Blend 4 low flames ta wire leads, charring and smoke. Flames propagated slightly 

around the sides of the mound. 
Sod Nit B Blend 1 small flames at wire leads, smoke and charring 
Sod Nit B Blend 2 small flames at wire leads, charring and smoke 
Sod Nit B Blend 3 low flames at wire leads, charring & smoke 
Sod Nit B Blend 4 small flame at wire leads, smoke & charring. 
Sod Nit A pH Blend 
1 flames at wire leads + slight propagation, charring and smoke 
Sod Nit A pH Blend 
2 small flames at wire leads, charring & smoke 
Sod Nit A pH Blend 
3 small flames at wire leads, charring and smoke 
Sod Nit A pH Blend 
4 low flames at wire leads, charring and smoke 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 

 
Image 1: Appearance of the sodium nitrate solution blends setting for 24 hours after the addition of 
the zeolite.   
 

 
Image 2: Showing the liquid draining out of the paint filter after 5 minutes from Sod Nit A – Zeo 1 
at a 2:1 zeolite to waste ratio. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 

 
Image 3: Appearance of the Sodium nitrate blends after flame application for 2 minutes during 1030 
analysis. 
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Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-2 
 

 
Image 4: Solid chunk formed during 1050 analysis from Sod Nit A pH 1.  
 
 
“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI.” 
 

 _____                                                          06/24/16   ___    
Group Leader      Date 
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Figure 1. Method 1050 – Sod Nit A Blend 1 (100mm cube) full run. 
 

 
Figure 2. Method 1050 – Sod Nit A Blend 2 (100mm cube) full run. 
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Figure 3. Method 1050 – Sod Nit A Blend 3 (100mm cube) full run. 
 

 
Figure 4. Method 1050 – Sod Nit A Blend 4 (100mm cube) full run. 
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Figure 5. Method 1050 – Sod Nit B Blend 1 (100mm cube) full run. 
 

 
Figure 6. Method 1050 – Sod Nit B Blend 2 (100mm cube) full run. 
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Figure 7. Method 1050 – Sod Nit B Blend 3 (100mm cube) full run 
 

 
Figure 8. Method 1050 – Sod Nit B Blend 4 (100mm cube) full run. 
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Figure 9. Method 1050 – Sod Nit pH A Blend 1 (100mm cube) full run. 
 

 
Figure 10. Method 1050 – Sod Nit pH A Blend 2 (100mm cube) full run 
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Figure 11. Method 1050 – Sod Nit pH A Blend 3 (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – Sod Nit pH A Blend 4 (25 mm cube)  full run. 
 
 

������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������



������������





Appendix M  
SwRI Test Report 598466, June 27, 2016 

 





������������



������������



������������



������������



������������



������������



������������



������������



Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160605-1 
 
WETCHEM ANALYSIS 
 
Initial sample preparation 
 
This report encompasses the preparation and analysis of the three Wypall rag and UNS liquid testing 
samples presented in Table 1 which contains the sample ID’s and the methods requested on each of 
the blends. The Wypall rags were first soaked in a prepared UNS liquid solution for two hours 
before being removed and pressed to remove excess solution. The soaked rags where then added one 
at a time to a Waring Model blender (Model MX1500XTX) with a quart of water and blended for 
the designated period of time. This slurry was then added to a Kitchen aid mixer (Model 
KSMC895ER) where zeolite was then added in the designated ratios (Image 1). Once combined 
with the zeolite the samples were then submitted for analysis. 
 
Table 1. Surrogate creation and analysis table 

Surrogate ID 
Times 
made 

Methods 

1030 1050 
UN Ox solid 
(DOT 0.1) 

Paint filter 

WB1 (1:3) 1 1 1 1 1 

WB2 (1:4) 1 1 1 1 1 

WB3 (1:5) 1 1 1 1 1 

*Testing not required for these methods. 
 
SW-846 9095B: Paint Filter 
 
For this method 100g of each blend was placed into a Gerson 260um paint filter (PN010714R, Lot# 
B5140428JF8) that was suspended over a 250 mL beaker for 5 minutes to collect any free liquids. 
During this 5-min period if any of the sample material drips into the cylinder, the material is deemed 
to contain free liquids for purposes of 40 CFR 264.314 and 265.314. Under the laboratory conditions 
all other Wypall rag and UNS liquid testing samples tested for paint filter were not deemed to 
contain free liquids.  
 
SW-846 1030: Ignitability of Solids 
 
An ignition source is applied to one end of the test material to determine whether combustion will 
propagate along 200 mm of the strip within 2 minutes. If the material combustion propogates, the 
burning time was measured over a distance of 100 mm and the rate of burning would be determined. 
The surrogate material was formed into an unbroken powder train, 250 mm in length atop a ceramic 
tile with marks at the 80 and 180 mm in from the end of the train. The ceramic tile was placed about 
8 inches in a hood with the sash lowered to give airflow of about 0.7 m/sec. One end of the train was 
exposed to the end of an acetylene torch with a temperature greater than 1000°C. The torch was held 
there for 2 minutes and if the sample began to burn down the train the time taken to get from the 80 
to 180 mm mark was measure to determine the burn rate.  
 
All three of the Wypall samples acted in a similar fashion during the 1030 analysis. The sample 
would dry at the burn region and begin to char after a little time had passed (Image 2). It could be 
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seen that the Wypall portion of the sample did burn and give off a flame here and there but no 
propagation took place. Since none of the blends even burned into the 100mm zone, all of them are 
considered non-flammable under the test conditions and criteria outlined in Method 1030.   
 
Fine Excelsior (natural hardwood shavings) were used as a positive control each day testing was 
performed.  
 
SW-846 1050: Spontaneous combustion and self heating 
 
The surrogates for this analysis were first sprinkled several times onto a ceramic tile to observe if 
they smoked or flamed and could be considered pyrophoric solids by test Method A. Since none of 
the samples exhibited these characteristics, they were tested by Method C. In this test, a 100-mm 
sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 hours to 
determine whether it undergoes spontaneous ignition or a rise in sample temperature to over 200C 
within the 24 hours.  If the results of the preliminary test are positive, a second test using a 25-mm 
sample cube is conducted to further classify the waste as specified in Table 2. 
 
Table 2.  Method 1050 Waste Classification 

Results of Self-Heating Test DOT Packing Group 
Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III 
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II 

  
The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those sample 
believed to have event in order to keep the thermocouples and lids from coming off the sample. Also 
up to two thermocouples were placed in a tray below the sample in case any sample pushed out of 
the cube and onto the tray. Once the thermocouples were in place, the oven was ramped to 140°C ± 
2°C and held for 24-48 hours depending on when the sample reached a stable temperature.  Although 
the method states testing to be conducted for 24 hours, many of the samples did not reach 140°C ± 
2°C during the initial 24 hour period, therefore the testing was extended to a minimum of 12 hours 
after the sample had reached a stable temperature.  Temperatures of the oven and sample were 
collected every 10 seconds and plotted to determine if the sample temperature exceeded 200°C 
during the time of testing. At the conclusion of the test, the oven was turned off and allowed to cool 
before removing the sample. The oven and sample temperature graphs are located in Attachment A.   
 
Wypall WB1 (1:3) and (1:4) were analyzed together and  WB3 (1:5) was analyzed in duplicate, 
using the 100mm cube, since past samples having similar combinations of waste and zeolite were 
not self heating in the previous testing.  These blends were allowed to run for at least 38 hours 
before ending the analysis due to the moisture present in each of them. After the analysis the cubes 
were removed and all Wypall samples had a dried zeolite appearance to them and all three blends 
came right out of the cube with very little clumping. Since none of these blends exceeded 200°C 
during the analysis all of them are classified as “Not a Self-Heating Waste” as defined by Method 
1050 under laboratory conditions. 
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DOT UN Oxidation testing 
 
The Wypall blends were tested in accordance with the United Nations (UN) “Recommendations on 
the Transport of Dangerous Goods”, Section 34, �&�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �3�U�R�F�H�G�X�U�H�V���� �7�H�V�W�� �0�H�W�K�R�G�V�� �D�Q�G��
�&�U�L�W�H�U�L�D���5�H�O�D�W�L�Q�J���W�R���2�[�L�G�L�]�L�Q�J���6�X�E�V�W�D�Q�F�H�V���R�I���'�L�Y�L�V�L�R�Q��������������The UN procedure assesses the relative 
hazard of oxidizing substances so that an appropriate classification for transport can be made.  Tests 
are conducted on the samples mixed with dry fibrous cellulose in mixing ratios of 1:1 and 4:1, by 
mass, of sample to cellulose.  The burning characteristics of the mixtures are compared with the 
standard 3:7 mixture, by mass, of potassium bromated to cellulose.  If the burning time is less than 
the standard mixture, the burning times should be compared with those from packing group I or II  
or category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of potassium bromated to 
cellulose, respectively. See Table 3 for classification. Table 4 presents the results for the reference 
standards. Tables 5 and 6 lists the comments the analyst noted for each of the two sample to 
cellulose ratio burns. All Wypall blends were classified as “Not Division 5.1” under laboratory 
conditions.   
 
Table 3.  Oxidizer Classifications 

The test criteria for determining oxidizing properties of the substance are: 
UN  
Classification 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by 
mass, of potassium bromate and cellulose. 

Packing group I 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I 

Packing group II 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) 
tested, exhibits a mean burning time equal to or less than the mean burning time 
of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does 
not meet the criteria for packing group I and II. 

Packing group III 

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) 
tested, does not ignite and burn, or exhibit mean burning times greater than that of 
a 3:7 mixture (by mass) of potassium bromate and cellulose.  

Not Division 5.1 

 
Table 4.  Potassium Bromate and Cellulose Reference Mixtures 

Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 
3:7 2:3 3:2 

KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio 
135.32 52.44 19.54 
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Table 5.  Comments for Sample to Cellulose ratio of 4:1 

Sample ID Comment 4:1 
WB1 (1:3) Charring around wire, smoke, no flames 
WB2 (1:4) Charring around wire, smoke, no flames 
WB3 (1:5) Charring around wire, smoke, no flames 

 
Table 6 Comments for Sample to Cellulose ratio of 1:1 

Sample ID Comment  1:1 
WB1 (1:3) small flames at wire leads, smoke and charring 
WB2 (1:4) small flames at wire leads, smoke and charring 
WB3 (1:5) Charring and smoke, sparking and smoldering after power was turned off. 

 
 

 
Image 1: Appearance of the Wypall rags after being blended in the Waring Model MX1500XTX 
blender and prior to the addition of zeolite.    
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Image 2: Showing the drying and charring after application of the flame for 2 minutes during 1030 
analysis.  
 
“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI.” 
 

___ __                                                              6/24/16               ___    
Group Leader      Date 
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Figure 1. Method 1050 – WB1 (1:3) (100mm cube) full run. Thermocouple 1 died during the 
analysis and is not shown on the graph. 
 

 
Figure 2. Method 1050 – WB2 (1:4) (100mm cube) full run. 
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Figure 3. Method 1050 – WB3 (1:5) (100mm cube) full run. Only one thermocouple used for this 
sample. 
 

 
Figure 4. Method 1050 WB3 (1:5) duplicate (100mm cube) full run. 
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Appendix N  
SwRI Test Report, June 29, 2016 
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WETCHEM ANALYSIS  
��
Initial sample preparation��
��
�7�K�L�V���U�H�S�R�U�W���H�Q�F�R�P�S�D�V�V�H�V���W�K�H���S�U�H�S�D�U�D�W�L�R�Q���D�Q�G���D�Q�D�O�\�V�L�V���R�I���8�1�6���E�O�H�Q�G�V���������D�Q�G���������Z�K�L�F�K���D�U�H���W�K�H���F�L�W�U�L�F��
�D�F�L�G���D�Q�G���3�,�*���E�D�V�H���Q�H�X�W�U�D�O�L�]�H�G���8�1�6���E�O�H�Q�G�V�����6�D�P�S�O�H�V���D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H�������Z�K�L�F�K���F�R�Q�W�D�L�Q�V���W�K�H��
�V�D�P�S�O�H���,�'�¶�V���D�Q�G���W�K�H���P�H�W�K�R�G�V���U�H�T�X�H�V�W�H�G���R�Q���H�D�F�K���R�I���W�K�H���E�O�H�Q�G�V�����7�R���S�U�H�S���W�K�H���V�D�P�S�O�H�V�����W�K�H���8�1�6���V�R�O�X�W�L�R�Q��
�Z�D�V���I�L�U�V�W���Q�H�X�W�U�D�O�L�]�H�G���W�R���S�+���R�I���D�U�R�X�Q�G�������X�V�L�Q�J���D���������������U�D�W�L�R���R�I���8�1�6���W�R���6�S�O�L�I�\�W�H�U�Š���.�R�O�R�U�V�D�I�H�Š���O�L�T�X�L�G��
�D�F�L�G���Q�H�X�W�U�D�O�L�]�H�U�����3 �,�*���E �D�V�H���Q�H�X�W�U�D�O�L�]�H�U���R �U���& �L�W�U�L�F���D�F�L �G���Z �D�V���W�K�H�Q���D�G�G�H�G���D�W���W�K�H���V�D�P�H���Y�R�O�X�P�H���D�V���W�K�H��
�6�S�O�L�I�\�W�H�U�Š���.�R�O�R�U�V�D�I�H�Š���O�L�T�X�L�G���D�F�L�G���Q�H�X�W�U�D�O�L�]�H�U�����7�K�L�V���P�L�[�W�X�U�H���Z�D�V���W�K�H�Q���D�G�G�H�G���W�R���V�Z�K�H�D�W���D�Q�G���D�O�O�R�Z�H�G���W�R��
�V�H�W���I�R�U���������K�R�X�U�V���E�H�I�R�U�H���D�G�G�L�Q�J���L�W���W�R���Z�D�W�H�U���D�Q�G���I�L�Q�D�O�O�\���W�R���]�H�R�O�L�W�H���L�Q���W�K�H���G�H�V�L�J�Q�D�W�H�G���U�D�W�L�R�V�����7�K�H���]�H�R�O�L�W�H��
�F�R�Q�F�R�F�W�L�R�Q���Z�D�V���D�O�O�R�Z�H�G���W�R���V�H�W���I�R�U���D�Q���D�G�G�L�W�L�R�Q�D�O���������K�R�X�U�V���S�U�L�R�U���W�R���D�Q�D�O�\�V�L�V������
��
�7�D�E�O�H���������6�X�U�U�R�J�D�W�H���F�U�H�D�W�L�R�Q���D�Q�G���D�Q�D�O�\�V�L�V���W�D�E�O�H��

Surrogate ID 
Times 
made 

Methods 

1030 1050 
UN Ox solid 
(DOT 0.1) 

Paint filter  

�8�1�6���%�O�H�Q�G�������� ���� ���� ���� ���� ����

�8�1�6���%�O�H�Q�G�������� ���� ���� ���� ���� ����

��
SW-846 9095B: Paint Filter��
��
�)�R�U���W�K�L�V���P�H�W�K�R�G���������J���R�I���H�D�F�K���E�O�H�Q�G���Z�D�V���S�O�D�F�H�G���L�Q�W�R���D���*�H�U�V�R�Q���������X�P���S�D�L�Q�W���I�L�O�W�H�U�����3�1�������������5�����/�R�W����
�%���������������-�)�������W�K�D�W���Z�D�V���V�X�V�S�H�Q�G�H�G���R�Y�H�U���D�����������P�/���E�H�D�N�H�U���I�R�U�������P�L�Q�X�W�H�V���W�R���F�R�O�O�H�F�W���D�Q�\���I�U�H�H���O�L�T�X�L�G�V����
�'�X�U�L�Q�J���W�K�L�V�������P�L�Q���S�H�U�L�R�G���L�I���D�Q�\���R�I���W�K�H���V�D�P�S�O�H���P�D�W�H�U�L�D�O���G�U�L�S�V���L�Q�W�R���W�K�H���F�\�O�L�Q�G�H�U�����W�K�H���P�D�W�H�U�L�D�O���L�V���G�H�H�P�H�G��
�W�R���F�R�Q�W�D�L�Q���I�U�H�H���O�L�T�X�L�G�V���I�R�U���S�X�U�S�R�V�H�V���R�I���������&�)�5�������������������D�Q�G���������������������8�Q�G�H�U���W�K�H���O�D�E�R�U�D�W�R�U�\���F�R�Q�G�L�W�L�R�Q�V��
�E�R�W�K���8�1�6���E�O�H�Q�G�V���Z�H�U�H���Q�R�W���G�H�H�P�H�G���W�R���F�R�Q�W�D�L�Q���I�U�H�H���O�L�T�X�L�G�V������
 
SW-846 1030: Ignitability of Solids��
��
�$�Q���L�J�Q�L�W�L�R�Q���V�R�X�U�F�H���L�V���D�S�S�O�L�H�G���W�R���R�Q�H���H�Q�G���R�I���W�K�H���W�H�V�W���P�D�W�H�U�L�D�O���W�R���G�H�W�H�U�P�L�Q�H���Z�K�H�W�K�H�U���F�R�P�E�X�V�W�L�R�Q���Z�L�O�O��
�S�U�R�S�D�J�D�W�H���D�O�R�Q�J�����������P�P���R�I���W�K�H���V�W�U�L�S���Z�L�W�K�L�Q�������P�L�Q�X�W�H�V�����,�I���W�K�H���P�D�W�H�U�L�D�O���F�R�P�E�X�V�W�L�R�Q���S�U�R�S�D�J�D�W�H�V�����W�K�H��
�E�X�U�Q�L�Q�J���W�L�P�H���Z�D�V���P�H�D�V�X�U�H�G���R�Y�H�U���D���G�L�V�W�D�Q�F�H���R�I�����������P�P���D�Q�G���W�K�H���U�D�W�H���R�I���E�X�U�Q�L�Q�J���Z�R�X�O�G���E�H���G�H�W�H�U�P�L�Q�H�G����
�7�K�H���V�X�U�U�R�J�D�W�H���P�D�W�H�U�L�D�O���Z�D�V���I�R�U�P�H�G���L�Q�W�R���D�Q���X�Q�E�U�R�N�H�Q���S�R�Z�G�H�U���W�U�D�L�Q�������������P�P���L�Q���O�H�Q�J�W�K���D�W�R�S���D���F�H�U�D�P�L�F��
�W�L�O�H���Z�L�W�K���P�D�U�N�V���D�W���W�K�H���������D�Q�G�����������P�P���L�Q���I�U�R�P���W�K�H���H�Q�G���R�I���W�K�H���W�U�D�L�Q�����7�K�H���F�H�U�D�P�L�F���W�L�O�H���Z�D�V���S�O�D�F�H�G���D�E�R�X�W��
�����L�Q�F�K�H�V���L�Q���D���K�R�R�G���Z�L�W�K���W�K�H���V�D�V�K���O�R�Z�H�U�H�G���W�R���J�L�Y�H���D�L�U�I�O�R�Z���R�I���D�E�R�X�W�����������P���V�H�F�����2�Q�H���H�Q�G���R�I���W�K�H���W�U�D�L�Q���Z�D�V��
�H�[�S�R�V�H�G���W�R���W�K�H���H�Q�G���R�I���D�Q���D�F�H�W�\�O�H�Q�H���W�R�U�F�K���Z�L�W�K���D���W�H�P�S�H�U�D�W�X�U�H���J�U�H�D�W�H�U���W�K�D�Q����������°�&�����7�K�H���W�R�U�F�K���Z�D�V���K�H�O�G��
�W�K�H�U�H���I�R�U�������P�L�Q�X�W�H�V���D�Q�G���L�I���W�K�H���V�D�P�S�O�H���E�H�J�D�Q���W�R���E�X�U�Q���G�R�Z�Q���W�K�H���W�U�D�L�Q���W�K�H���W�L�P�H���W�D�N�H�Q���W�R���J�H�W���I�U�R�P���W�K�H��������
�W�R�����������P�P���P�D�U�N���Z�D�V���P�H�D�V�X�U�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���E�X�U�Q���U�D�W�H������
��
�$�O�O���W�Z�R���8�1�6���V�D�P�S�O�H�V���D�F�W�H�G���L�Q���D���V�L�P�L�O�D�U���I�D�V�K�L�R�Q���G�X�U�L�Q�J���W�K�H�������������D�Q�D�O�\�V�L�V�����7�K�H���V�D�P�S�O�H���Z�R�X�O�G���G�U�\���D�W��
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SW-846 1050: Spontaneous combustion and self heating 
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Table 2.  Method 1050 Waste Classification 
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�F�H�O�O�X�O�R�V�H�����U�H�V�S�H�F�W�L�Y�H�O�\�����6�H�H���7�D�E�O�H�������I�R�U���F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����7�D�E�O�H�������S�U�H�V�H�Q�W�V���W�K�H���U�H�V�X�O�W�V���I�R�U���W�K�H���U�H�I�H�U�H�Q�F�H��
�V�W�D�Q�G�D�U�G�V�����7�D�E�O�H�V�������D�Q�G�������O�L�V�W�V���W�K�H���F�R�P�P�H�Q�W�V���W�K�H���D�Q�D�O�\�V�W���Q�R�W�H�G���I�R�U���H�D�F�K���R�I���W�K�H���W�Z�R���V�D�P�S�O�H���W�R���F�H�O�O�X�O�R�V�H��
�U�D�W�L�R���E�X�U�Q�V�����$�O�O���8�1�6���E�O�H�Q�G�V���Z�H�U�H���F�O�D�V�V�L�I�L�H�G���D�V���³�1�R�W���'�L�Y�L�V�L�R�Q���������´���X�Q�G�H�U���O�D�E�R�U�D�W�R�U�\���F�R�Q�G�L�W�L�R�Q�V��������
 
Table 3.  Oxidizer Classifications 

�7�K�H���W�H�V�W���F�U�L�W�H�U�L�D���I�R�U���G�H�W�H�U�P�L�Q�L�Q�J���R�[�L�G�L�]�L�Q�J���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H���V�X�E�V�W�D�Q�F�H���D�U�H����
�8�1����
�&�O�D�V�V�L�I�L�F�D�W�L�R�Q��

�$�Q�\���V�X�E�V�W�D�Q�F�H���Z�K�L�F�K�����L�Q���W�K�H�����������R�U�����������V�D�P�S�O�H���W�R���F�H�O�O�X�O�R�V�H���U�D�W�L�R�����E�\���P�D�V�V�����W�H�V�W�H�G����
�H�[�K�L�E�L�W�V���D���P�H�D�Q���E�X�U�Q�L�Q�J���W�L�P�H���O�H�V�V���W�K�D�Q���W�K�H���P�H�D�Q���E�X�U�Q�L�Q�J���W�L�P�H���R�I���D�����������P�L�[�W�X�U�H�����E�\��
�P�D�V�V�����R�I���S�R�W�D�V�V�L�X�P���E�U�R�P�D�W�H���D�Q�G���F�H�O�O�X�O�R�V�H����

�3�D�F�N�L�Q�J���J�U�R�X�S���,��

�$�Q�\���V�X�E�V�W�D�Q�F�H���Z�K�L�F�K�����L�Q���W�K�H�����������R�U�����������V�D�P�S�O�H���W�R���F�H�O�O�X�O�R�V�H���U�D�W�L�R�����E�\���P�D�V�V�����W�H�V�W�H�G����
�H�[�K�L�E�L�W�V���D���P�H�D�Q���E�X�U�Q�L�Q�J���W�L�P�H���H�T�X�D�O���W�R���R�U���O�H�V�V���W�K�D�Q���W�K�H���P�H�D�Q���E�X�U�Q�L�Q�J���W�L�P�H���R�I���D����������
�P�L�[�W�X�U�H�����E�\���P�D�V�V�����R�I���S�R�W�D�V�V�L�X�P���E�U�R�P�D�W�H���D�Q�G���F�H�O�O�X�O�R�V�H�����D�Q�G���Z�K�L�F�K���G�R�H�V���Q�R�W���P�H�H�W��
�W�K�H���F�U�L�W�H�U�L�D���I�R�U���S�D�F�N�L�Q�J���J�U�R�X�S���,��

�3�D�F�N�L�Q�J���J�U�R�X�S���,�,��

�$�Q�\���V�X�E�V�W�D�Q�F�H���Z�K�L�F�K�����L�Q���W�K�H�����������R�U�����������V�D�P�S�O�H���W�R���F�H�O�O�X�O�R�V�H���U�D�W�L�R�Q�����E�\���P�D�V�V�����W�H�V�W�H�G����
�H�[�K�L�E�L�W�V���D���P�H�D�Q���E�X�U�Q�L�Q�J���W�L�P�H���H�T�X�D�O���W�R���R�U���O�H�V�V���W�K�D�Q���W�K�H���P�H�D�Q���E�X�U�Q�L�Q�J���W�L�P�H���R�I���D����������
�P�L�[�W�X�U�H�����E�\���P�D�V�V�����R�I���S�R�W�D�V�V�L�X�P���E�U�R�P�D�W�H���D�Q�G���F�H�O�O�X�O�R�V�H�����D�Q�G���Z�K�L�F�K���G�R�H�V���Q�R�W���P�H�H�W��
�W�K�H���F�U�L�W�H�U�L�D���I�R�U���S�D�F�N�L�Q�J���J�U�R�X�S���,���D�Q�G���,�,����

�3�D�F�N�L�Q�J���J�U�R�X�S���,�,�,��

�$�Q�\���V�X�E�V�W�D�Q�F�H���Z�K�L�F�K�����L�Q���E�R�W�K���W�K�H�����������D�Q�G�����������V�D�P�S�O�H���W�R���F�H�O�O�X�O�R�V�H���U�D�W�L�R�Q���E�\���P�D�V�V����
�W�H�V�W�H�G�����G�R�H�V���Q�R�W���L�J�Q�L�W�H���D�Q�G���E�X�U�Q�����R�U���H�[�K�L�E�L�W���P�H�D�Q���E�X�U�Q�L�Q�J���W�L�P�H�V���J�U�H�D�W�H�U���W�K�D�Q���W�K�D�W���R�I��
�D�����������P�L�[�W�X�U�H�����E�\���P�D�V�V�����R�I���S�R�W�D�V�V�L�X�P���E�U�R�P�D�W�H���D�Q�G���F�H�O�O�X�O�R�V�H������

�1�R�W���'�L�Y�L�V�L�R�Q����������

 
Table 4.  Potassium Bromate and Cellulose Reference Mixtures 

�0�H�D�Q���%�X�U�Q���7�L�P�H�����V�H�F�� �0�H�D�Q���%�X�U�Q���7�L�P�H�����V�H�F�� �0�H�D�Q���%�X�U�Q���7�L�P�H�����V�H�F��
�������� �������� ��������

�.�%�U�2�����&�H�O�O�X�O�R�V�H���5�D�W�L�R�� �.�%�U�2�����&�H�O�O�X�O�R�V�H���5�D�W�L�R�� �.�%�U�2�����&�H�O�O�X�O�R�V�H���5�D�W�L�R��
�������������� ������������ ������������
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Table 5.  Comments for Sample to Cellulose ratio of 4:1��

�6�D�P�S�O�H���,�'�� �&�R�P�P�H�Q�W����������
�8�1�6���%�O�H�Q�G�������� �&�K�D�U�U�L�Q�J���D�U�R�X�Q�G���Z�L�U�H�����V�P�R�N�H�����Q�R���I�O�D�P�H�V��
�8�1�6���%�O�H�Q�G�������� �&�K�D�U�U�L�Q�J���D�U�R�X�Q�G���Z�L�U�H�����V�P�R�N�H�����Q�R���I�O�D�P�H�V��
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Table 6 Comments for Sample to Cellulose ratio of 1:1��

�6�D�P�S�O�H���,�'�� �&�R�P�P�H�Q�W������������
�8�1�6���%�O�H�Q�G�������� �6�P�D�O�O���I�O�D�P�H�V���D�W���Z�L�U�H���O�H�D�G�V�����F�K�D�U�U�L�Q�J���D�Q�G���V�P�R�N�H����
�8�1�6���%�O�H�Q�G�������� �V�P�D�O�O���I�O�D�P�H�V���D�W���Z�L�U�H���O�H�D�G�V�����V�P�R�N�H���D�Q�G���F�K�D�U�U�L�Q�J��
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�,�P�D�J�H���������$�S�S�H�D�U�D�Q�F�H���R�I���8�1�6���%�O�H�Q�G���������D�I�W�H�U���W�Z�R���P�L�Q�X�W�H���E�X�U�Q���G�X�U�L�Q�J�������������D�Q�D�O�\�V�L�V����
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�,�P�D�J�H���������$�S�S�H�D�U�D�Q�F�H���R�I���8�1�6���%�O�H�Q�G���������D�I�W�H�U���W�K�H�������P�L�Q�X�W�H���E�X�U�Q���S�H�U�L�R�G���D�I�W�H�U�������������D�Q�D�O�\�V�L�V�����3�R�U�W�L�R�Q�V��
�R�I���W�K�H���]�H�R�O�L�W�H���Z�K�H�U�H���W�K�U�R�Z�Q���D���O�L�W�W�O�H���G�L�V�W�D�Q�F�H���D�Z�D�\���I�U�R�P���W�K�H���P�D�L�Q���V�D�P�S�O�H���W�U�D�L�Q��������
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�,�P�D�J�H���������%�U�R�Z�Q�L�Q�J���D�Q�G���F�O�X�P�S�L�Q�J���I�R�U�P�H�G���L�Q���W�K�H���O�R�Z�H�U���S�R�U�W�L�R�Q���R�I���W�K�H���F�X�E�H���R�I���8�1�6���%�O�H�Q�G���������G�X�U�L�Q�J��
�W�K�H�������������D�Q�D�O�\�V�L�V������
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“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI.” 
 

___ __                                                  ��������        6/28/16               ___    
Group Leader      Date 
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WETCHEM ANALYSIS 
 
Initial sample preparation 
 
This report encompasses the preparation and analysis of the solid BVT, UVT, and WLVT surrogate 
blends presented in Table 1, which also contains the sample ID’s and the methods performed on 
each of the blends. When preparing each of the three surrogate series, complications were 
encountered that brought about either the reformulation of the recipes or the cancelations of some of 
the testing by LANL.    
 
Table 1. Surrogate creation and analysis table 

Surrogate ID 
Times 
made 

Methods 

1030 1050 
UN Ox solid 
(DOT 0.1) 

Paint filter 

BVT1 1 1 1 1 1 
BVT2 1 1 1 1 1 
BVT3 2 1 1 1 1 
BVT4 1 1 1 1 1 
BVT5 1 1 1 1 1 
BVT6 1 1 1 1 1 
BVT7 2 1 1 1 2 
BVT8 1 1 1 1 1 
BVT9 1 1 1 1 1 
BVT10 2 1 1 1 1 
BVT11 2 1 1 1 1 
BVT12 1 1 1 1 1 
UVT1 1 1 1 1 1 
UVT2 1 1 1 1 1 
UVT3 1 1 1 1 1 
UVT4 1 1 1 1 1 
UVT5 1 1 1 1 1 
UVT6 1 1 1 1 1 
WLVT1 1 1 1 1 1 
WLVT2 1 1 1 1 1 
WLVT3 1 1 1 1 1 
WLVT4 1 1 1 1 1 
WLVT5 1 1 1 1 1 
WLVT6 1 * * * 1 
WLVT7 1 * * * 1 

*Testing not performed  
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The BVT surrogates had the most modifications beginning with the way the WB8 was prepared. 
During an initial visit by LANL personnel to observe the mixing of several blends, it was decided 
that water would not be added when making the WB8 for this series of testing. This would allow the 
WB8 to have more of a solid consistency and reflect more accurately what would be found in the 
field. Several small tests showed that the potassium carbonate was reacting with several of the 
nitrates causing bubbling and liquefying of the salts (Image 1). It was found that adding the 
potassium carbonate last reduced this reaction and allowed the salts to remain solid. However, if let 
it sit overnight, the solid WB8 eventually liquefied into a thick pea soup consistency (Image 2). It 
was decided to make the WB8 mixture and prepare the BVT blends immediately (Image 3). BVT 
blends 2, 4, 6, and 8 had no modifications made to them. When BVT7 was initially prepared, 
1000mL of DI water was added to the WB8 salt before mixing it with the zeolite. This blend was 
very moist and had a moderate amount of freestanding liquid causing it to fail the paint filter test 
(Image 4). It was decided to reduce the volume of warm water added down to 100mL for BVT 
blends 1, 3, 5, and 7 (Image 5). On BVT blends 9-12, the ratio of Zeolite to RNS waste was changed 
from 2.5:1 to 3:1 and the amount of water added was reduced from 1000mL to 800mL. Images 6 and 
7 show BVT12 and BVT10 slurries when 800mL of warm DI was added to the WB8:Swheat dried 
mixtures. Table 2 shows the pH reading of the liquid/slurry mixtures and the temperature readings of 
the liquid/slurry and of the final surrogate blend. All blends were allowed to set for 24 hours prior to 
performing analysis. 
 
The UVT blends only had one modification. UVT 1 and UVT2 Zeolite:Solution ratios were raised to 
4:1 and 5:1 respectively since UVT3 (3:1) was almost to moist and anything lower than the 3:1 ratio 
most likely would fail a paint filter analysis. When mixing in the zeolite to the UVT blends, it was 
noted that a lot of bubbles and possible off gassing was occurring (Image 8). No modifications were 
made to the WLVT surrogates, samples were prepped in accordance to the procedure provided by 
LANL. WLVT7 was very moist and had a layer of water that eventually settled out (Image 9-10). 
LANL was notified of this and it was decided to stop testing of WLVT6 and WLVT7 after 
performing paint filter.  
 
Table 2: pH and Temperature readings of prepared surrogates 

Surrogate ID 
pH reading 

of 
waste/slurry 

Initial 
temperature 
reading of 

waste/slurry 

Final 
temperature of 
surrogate blend 

BVT1 <1.68 12.6°C 15.7°C 

BVT2 <1.68* 16.3°C 19.2°C 

BVT3 <1.68 10.8°C 14.7°C 

BVT4 <1.68* 19.7°C 20.2°C 
BVT5 <1.68 9.2°C 13.7°C 
BVT6 <1.68* 19.7°C 19.9°C 
BVT7 <1.68 10.2°C 13.9°C 
BVT8 <1.68* 19.7°C 20.1°C 
BVT9 <1.68 27.4°C 25.3°C 
BVT10 <1.68 27.3°C 23.6°C 
BVT11 <1.68 35.5°C 29.7°C 
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BVT12 <1.68 27.9°C 24.2°C 
UVT1 <1.68+ 21.9°C 26.5°C 
UVT2 <1.68+ 21.9°C 26.4°C 
UVT3 <1.68+ 22.4°C 25.6°C 
UVT4 <1.68 28.9°C 27.6°C 
UVT5 <1.68 29.0°C 28.6°C 
UVT6 <1.68 30.2°C 28.2°C 

*WB8 pH used for the initial pH  
+UNS Solution pH used for initial pH 
 
SW-846 9095B: Paint Filter 
 
For this method 100g of each blend was placed into a Gerson 260um paint filter (PN010714R, Lot# 
B5140428JF8) that was suspended over a 250 mL beaker for 5 minutes to collect any free liquids. 
During this 5-min period if any of the sample material drips into the beaker, the material is deemed 
to contain free liquids for purposes of 40 CFR 264.314 and 265.314. WLVT4, WLVT6, and WLVT7 
were all deemed to contain free liquids. All other samples were not deemed to contain free liquids 
under the laboratory conditions. After sitting for several days and even after a week a few samples 
slowly began releasing liquid in their containers. UVT4 passed paint filter four days after being 
made but during the analysis liquid droplets did form on the outside of the filter but nothing ever 
dripped into the beaker during the designated 5 minute test period. This sample was run in duplicate 
with both tests experiencing this behavior. Eight days after being made, the sample had a puddle of 
freestanding liquid within the sample (Image 11).  BVT1 and BVT3 have some liquid release as well 
but not to the extent seen in UVT4.   
 
SW-846 1030: Ignitability of Solids 
 
In this test, an ignition source is applied to one end of the test material to determine whether 
combustion will propagate along 200 mm of the strip within 2 minutes. If the material combustion 
propagates, the burning time was measured over a distance of 100 mm and the rate of burning would 
be determined. The surrogate material was formed into an unbroken powder train, 250 mm in length 
atop a ceramic tile with marks at the 80 and 180 mm in from the end of the train. The ceramic tile 
was placed about 8 inches in a hood with the sash lowered to give airflow of about 0.7 m/sec. One 
end of the train was exposed to the end of an acetylene torch with a temperature greater than 1000°C. 
The torch was held there for 2 minutes and if the sample began to burn down the train the time taken 
to get from the 80 to 180 mm mark was measured to determine the burn rate.  
 
The WLVT and UVT samples all acted similarly with the sample drying and charring but no flame 
was formed and the sample did not burn (Image 12). On several of the WLVT samples a popping 
noise, most likely from the heated nitrates, was heard. The BVT surrogates 1-8 acted similarly to 
each other with the sample bubbling, charring, and popping at the burn zone (Image 13). BVT 9-12 
acted similarly to each other with the sample blackening before becoming white and grey (Image 
14). All samples were deemed to be nonflammable under the laboratory conditions. 
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SW-846 1050: Spontaneous combustion and self heating 
 
In this test, the surrogates for this analysis were first sprinkled several times onto a ceramic tile to 
observe if they smoked or flamed and could be considered pyrophoric solids by test Method A. 
Since none of the samples exhibited these characteristics, they were tested by Method C. In this test, 
a 100-mm sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 hours 
to determine whether it undergoes spontaneous ignition or a rise in sample temperature to over 200 
oC within the 24 hours.  If the results of the preliminary test are positive, a second test using a 25-
mm sample cube is conducted to further classify the waste as specified in Table 3. 
 
Table 3.  Method 1050 Waste Classification 

Results of Self-Heating Test DOT Packing Group 
Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III 
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II 

  
The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those samples 
believed to potentially have an event in order to keep the thermocouples and lids from coming off 
the sample. Up to two thermocouples were placed in a tray below the sample in case any sample 
pushed out of the cube and onto the tray. Once the thermocouples were in place, the oven was 
ramped to 140°C ± 2°C and held for 24-48 hours depending on when the sample reached a stable 
temperature.  Although the method states testing to be conducted for 24 hours, many of the samples 
did not reach 140°C ± 2°C during the initial 24 hour period, therefore the testing was extended to a 
minimum of 12 hours after the sample had reached a stable temperature.  Temperatures of the oven 
and sample were collected every 10 seconds and plotted to determine if the sample temperature 
exceeded 200°C during the time of testing. At the conclusion of the test, the oven was turned off and 
allowed to cool before removing the sample. The oven and sample temperature graphs are located in 
Attachment A.   
 
Since past samples having similar combinations of waste and zeolite did not self heat, two surrogate 
blend samples were analyzed simultaneously using the 100mm cube.   These blends were allowed to 
run for at least 45 hours before ending the analysis due to their moisture content. Due to the high 
moisture content of BVT1, UVT4, and WLVT4, fluffy foam-like material formed on the bottom of 
the cages, with the appearance of stalactites, and went into the pan below (Image 15 and 16). A 
majority of the samples began to brown on the exterior regions and several even became hardened 
cubes (Images 17). Even though there was browning of the samples, none of them had temperatures 
that exceeded the 140°C oven temperature throughout the testing. WLVT 1 was initially run in 
duplicate with the sample showing a temperature drop to -45°C on one thermocouple and the 
duplicate having one thermocouple increase to 222°C during the same time period; however, this is 
believed to have been either an electrical error or a sign that the thermocouples were being 
compromised by the high acidic nature of the samples. WLVT 1 was rerun on a later date with four 
thermocouples inside the sample cube. The sample ran very similarly to other WLVT samples and 
did not have any temperature spikes or dips in it so it was considered to be not self heating.  Since 
none of the blends exceeded 200°C during the analysis all of them are classified as “Not a Self-
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SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160712-3 
 
Heating Waste” as defined by Method 1050 and under the laboratory conditions. 
 
DOT UN Oxidation testing 
 
The surrogate solid blends were tested in accordance with the United Nations (UN) 
“Recommendations on the Transport of Dangerous Goods”, Section 34, �&�O�D�V�V�L�I�L�F�D�W�L�R�Q���3�U�R�F�H�G�X�U�H�V����
�7�H�V�W���0�H�W�K�R�G�V���D�Q�G���&�U�L�W�H�U�L�D���5�H�O�D�W�L�Q�J���W�R���2�[�L�G�L�]�L�Q�J���6�X�E�V�W�D�Q�F�H�V���R�I���'�L�Y�L�V�L�R�Q��������������The UN procedure 
assesses the relative hazard of oxidizing substances so that an appropriate classification for transport 
can be made.  Tests are conducted on the samples mixed with dry fibrous cellulose in mixing ratios 
of 1:1 and 4:1, by mass, of sample to cellulose.  The burning characteristics of the mixtures are 
compared with the standard 3:7 mixture, by mass, of potassium bromated to cellulose.  If the burning 
time is less than the standard mixture, the burning times should be compared with those from 
packing group I or II  or category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of 
potassium bromated to cellulose, respectively. See Table 4 for classification. Table 5 presents the 
results for the reference standards. Tables 6 and 7 lists the comments the analyst noted for each of 
the two sample-to- cellulose ratio burns.  
All surrogate solid blends were classified as “Not Division 5.1”.   
 
Table 4.  Oxidizer Classifications 

The test criteria for determining oxidizing properties of the substance are: 
UN  
Classification 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by 
mass, of potassium bromate and cellulose. 

Packing group I 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I 

Packing group II 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) 
tested, exhibits a mean burning time equal to or less than the mean burning time 
of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does 
not meet the criteria for packing group I and II. 

Packing group III 

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) 
tested, does not ignite and burn, or exhibit mean burning times greater than that of 
a 3:7 mixture (by mass) of potassium bromate and cellulose.  

Not Division 5.1 

 
Table 5.  Potassium Bromate and Cellulose Reference Mixtures 

Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 
3:7 2:3 3:2 

KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio 
135.32 52.44 19.54 
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Table 6.  Comments for Sample to Cellulose ratio of 4:1 

Sample ID Comment 4:1 
BVT1 Sparkling and sporadic flames, charring and smoke 
BVT2 Charring around wire, smoke, no flames, very slight sparkling 
BVT3 Charring around wire, smoke, no flames 
BVT4 Charring around wire, smoke, no flames 
BVT5 Charring around wire, smoke, no flames 
BVT6 Charring around wire, smoke, no flames 
BVT7 Charring around wire, smoke, no flames 
BVT8 Charring around wire, smoke, no flames 
BVT9 Charring around wire, smoke, no flames 
BVT10 Charring around wire, smoke, no flames 
BVT11 Charring around wire, smoke, no flames 
BVT12 Charring around wire, smoke, no flames 
UVT1 Charring around wire, smoke, no flames 
UVT2 Charring around wire, smoke, no flames 
UVT3 Charring around wire, smoke, no flames 
UVT4 Charring around wire, smoke, no flames 
UVT5 Charring around wire, smoke, no flames 
UVT6 Charring around wire, smoke, no flames 
WLVT1 Charring around wire, smoke, no flames 
WLVT2 Charring around wire, smoke, no flames 
WLVT3 Charring around wire, smoke, no flames 
WLVT4 Charring around wire, smoke, no flames 
WLVT5 Charring around wire, smoke, no flames 
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Table 7. Comments for Sample to Cellulose ratio of 1:1 

Sample ID Comment  1:1 
BVT1 small flames at wire leads, charring and smoke 
BVT2 flames would start and stop thoughout analysis. Sparkling and smoking present. 

BVT3 
Flames at wire leads, smoke and charring. Flames would start and stop thoughout 
analysis time. 

BVT4 Large flames at front wire leads, charring and smoke. 
BVT5 Flames at front of wire leads, smoke and charring. 
BVT6 Flames at wire leads, charring and smoke. Flames extinguished before 180 sec. 
BVT7 Flames at wire leads, charring and smoke.  
BVT8 Flames at front wire leads, smoke and charring. 

BVT9 
Small flames at wire leads, charring and smoke. On one run flame propagated and 
continued burning beyond 240 seconds. Power turned off at 180 seconds. 

BVT10 Tiny flames at wire lead, charring and smoke. 

BVT11 
Small flames at wire leads charring and smoke. On three runs flame propagated along 
right side of the mound. 

BVT12 
Very small flames at wire leads, charring and smoke. On one run flame propagated and 
continued burning beyond 240 seconds. Power turned off at 180 seconds. 

UVT1 Small flames at wire leads, charring and smoke. 
UVT2 Flames at front wire leads, charring and smoke 
UVT3 Flames at front wire leads, charring and smoke 
UVT4 Very small flames at wire leads, charring and smoke. 
UVT5 Small flames at wire leads, charring and smoke. 
UVT6 Very small flames at wire leads, charring and smoke. 
WLVT1 Small flames at wire leads, smoke and charring 
WLVT2 Small flames at wire leads, smoke and charring 
WLVT3 Small flames at wire leads, smoke and charring 

WLVT4 
Sparking and small flames at the beginning. Charring and smoke, flames did not last 
the full 180 seconds. 

WLVT5 
Sparking and small flames at the beginning. Charring and smoke, flames did not last 
the full 180 seconds. 
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Image 1: Small scale testing showing a reaction between a few of the nitrates and potassium 
carbonate.   
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Image 2: Showing the WB8 solids liquefying after being mixed and sitting overnight. 
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Image 3: Mixing up of the WB8 and its consistency when used to make the BVT surrogates. 
 

 
Image 4: BVT7 24 hours after preparation. Unabsorbed freestanding liquid within the sample.  
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Image 5: WB8 after mixing in 100mL of DI H2O. 
 

 
Image 6: BVT12 WB8 and swheat dried blend mixed with 800mL warm DI H2O 

������������



Client:  Los Alamos National Laboratory 
SwRI Project Number:  21592.01.00X 
SwRI Task Order Number(s):  160712-3 
 

 
Image 7: BVT10 WB8 and swheat dried blend mixed with 800mL warm DI H2O 
 

 
Image 8: Formation of bubbles and possibly off gassing when mixing in the zeolite to UVT 
blends.  
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Image 9: WLVT7 after preparation and being transferred out of the mixer. 
 

 
Image 10: WLVT7 after settling for 24 hours and prior to paint filter analysis.  
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Image 11: UVT4 eight days after being prepared.  
 

 
Image 12: General burn appearance of the UVT samples for 1030 analysis. 
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Image 13: General appearance of BVT 1-8 after 1030 analysis 
 

 
Image 14: General appearance of BVT 9-12 after 1030 analysis. 
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Image 15: Stalactite foam formed on the bottom of BVT1 cage. 
 

 
Image 16: Stalactite foam formed on the bottom of UVT4 cage. 
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Image 17: Exterior browning of sample BVT1 
 
 “I certify that this data package is in compliance with the terms and conditions of the 
contract, both technically and for completeness, for other than the conditions detailed above.  
Release of the data contained in this hardcopy data package and in the computer-readable 
data submitted on diskette has been authorized by the laboratory manager or his/her designee, 
as verified by the following signature.  This report shall not be reproduced except in full 
without the written approval of SwRI.” 
 

  _ ____                                               8/29/16                  ___    
Group Leader      Date 

������������



������������



1 
 

 
Figure 1. Method 1050 – WLVT 1 (100mm cube) full run. 
 

 
Figure 2. Method 1050 – WLVT 2 (100mm cube) full run. 
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Figure 3. Method 1050 – WLVT 3 (100mm cube) full run. 
 

 
Figure 4. Method 1050 – WLVT 4 (100mm cube) full run. 
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Figure 5. Method 1050 – WLVT 5 (100mm cube) full run. 
 

 
Figure 6. Method 1050 – UVT 1 (100mm cube) full run. 
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Figure 7. Method 1050 – UVT 2 (100mm cube) full run 
 

 
Figure 8. Method 1050 – UVT 3 (100mm cube) full run. 

������������



5 
 

 
Figure 9. Method 1050 – UVT 4 (100mm cube) full run. 
 

 
Figure 10. Method 1050 – UVT 5 (100mm cube) full run 
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Figure 11. Method 1050 – UVT 6 (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – BVT 1 (100 mm cube)  full run. 
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Figure 11. Method 1050 – BVT 2 (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – BVT 3 (100 mm cube)  full run. 

������������



8 
 

 
Figure 11. Method 1050 – BVT 4 (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – BVT 5 (100 mm cube)  full run. 
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Figure 11. Method 1050 – BVT 6 (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – BVT 7 (100 mm cube)  full run. 
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Figure 11. Method 1050 – BVT 8 (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – BVT 9 (100 mm cube)  full run. 
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Figure 11. Method 1050 – BVT 10 (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – BVT 11 (100 mm cube)  full run. 
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Figure 12. Method 1050 – BVT 12 (100 mm cube)  full run. 
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Appendix Q  
SwRI E-Mails with Test Results on Zeolite Analyses, September 21 and 23, 2016 

 



From: Anast, Kurt Roy
To: Hargis, Kenneth Marshall
Subject: FW: zeolite particle size
Date: Tuesday, February 28, 2017 4:53:57 PM
Attachments: zeolite.xlsx

 
 

From: Spies, Radonna S. [mailto:radonna.spies@swri.org] 
Sent: Wednesday, September 21, 2016 3:45 PM
To: Anast, Kurt Roy <kanast@lanl.gov>
Subject: [Not Virus Scanned] [Not Virus Scanned] FW: zeolite particle size
 

Excel is particle size
F6939 attachment – XRD of the Zeolite
 
 
From: Moken, James A. 
Sent: Tuesday, May 03, 2016 7:01 PM
To:  Spies, Radonna S.
Subject: zeolite particle size
 
Radonna,
 
Here is the preliminary data for the particle size. The #20 looks a little off from the sample duplicate
but we can run it a third time if needed. It’s a big bag.
 
Jamie

mailto:/O=LANL ORGANIZATION/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=115582
mailto:khargis@lanl.gov


Page 1 of 2
This report may not be reproduced except in its entirety without the written approval of SwRI.

Sample ID
Lab Name:  Southwest Research Institute Client:  LANL
Lab Code:  SwRI Project No.: 21592.01.006
Matrix:  Solid Date Received:  
SDG: SRR #: 
Lab System ID: TO#: 

90.1630

Sieve Micron Size Wt on sieve (g) % pass % retained
3/8" 9500 0 100.0% 0.0%
#4 4750 0 100.0% 0.0%
#10 2000 0 100.0% 0.0%
#16 1190 2.9513 96.7% 3.3%
#20 850 31.9854 61.3% 38.7%
#40 425 51.7699 3.8% 96.2%
#50 297 1.5036 2.2% 97.8%
#100 150 1.5961 0.4% 99.6%

Zeolite

Cumulative

SOUTHWEST RESEARCH INSTITUTE
PARTICLE SIZE DISTRIBUTION DATA SHEET
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Page 2 of 2
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Sample ID
Lab Name:  Southwest Research Institute Client:  LANL
Lab Code:  SwRI Project No.: 21592.01.006
Matrix:  Solid Date Received:  
SDG: SRR #: 
Lab System ID: TO#: 

90.9465

Sieve Micron Size Wt on sieve (g) % pass % retained
3/8" 9500 0 100.0% 0.0%
#4 4750 0 100.0% 0.0%
#10 2000 0 100.0% 0.0%
#16 1190 3.3528 96.3% 3.7%
#20 850 38.09880 54.4% 45.6%
#40 425 46.1992 3.6% 96.4%
#50 250 1.2215 2.3% 97.7%
#100 150 1.7638 0.3% 99.7%

Cumulative

SOUTHWEST RESEARCH INSTITUTE
PARTICLE SIZE DISTRIBUTION DATA SHEET

Zeolite Duplicate

Sample dry wgt used for sieving (g):
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From: Anast, Kurt Roy
To: Hargis, Kenneth Marshall
Subject: FW:
Date: Tuesday, February 28, 2017 4:54:17 PM
Attachments: %solid zeolite.pdf

 
 

From: Moken, James A. [mailto:james.moken@swri.org] 
Sent: Friday, September 23, 2016 6:16 AM
To: Anast, Kurt Roy <kanast@lanl.gov>
Cc: Spies, Radonna S. <radonna.spies@swri.org>
Subject:
 
Kurt,
 
Attached is the pdf of the % solids performed on the zeolite. The % solid of the zeolite was 92.5% so
the % moisture would be 7.5%. For the processing of the drums, you would probably want the
zeolite to have a % solid greater than 90%.
 
Jamie

mailto:/O=LANL ORGANIZATION/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=115582
mailto:khargis@lanl.gov


%Solids
Southwest Research Institute
San Antonio, Texas 78228

Batch: 20160914-P001 (Ver. 1)
Status: APPROVED

Customer: Los Alamos National Laboratory, LLC
Project: 21592.01.006
Balance: Bal #135
Heating Device: Oven #22
Prep Test: %Solids
Matrix: Zeolite
Start Time: 09/14/2016 18:46:23

Sample Identification Client Identification
PB16J14PB1 NA
Zeolite 1 NA
Zeolite 1D NA

Tare Wt (g)
0.9893
1.0010
1.0072

WetSample  
+TareWt (g)

0.9893
11.3295
11.6524

Wet Weight  
(g)

0.0000
10.3285
10.6452

DriedSampl
e +TareWt  
(g)

0.9894
10.5580
10.8690

Dry Weight  
(g)

0.0001
9.5570
9.8618

%Solids  
(%)

< 0.01
92.53
92.64

Comments: NA

U - Result is less than the SwRI Reporting Limit (RL)

Prepared by: _________________________________________________________MOKEN, JAMES

Reviewed by: __________________________________________________________HERRERA, JUDY

Date: ________________________09/14/2016

Date: ________________________09/16/2016

Page 1 of 1

Program version(8/11/2011)





Appendix R  
SwRI Test Report , December 22, 2016 
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SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 161026-1 
SwRI SRR: 58485, 58617 
SDG: 605029 
VTSR: 10.11.2016, 11.01.2016 

Chain-of-Custody 
& 

Sample Receipt Paperwork 
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Garcia, David 

From: 
Sent: 
To: 
Cc: 
Subject: 

Steven or David, 

Moken, James A. 
Tuesday, October 11, 2016 6:58 AM 
Douglas, Steven M. 
Garcia, David 
Sample ID 

Can I get samples ID's for the following samples. The client is Los Alamos and the Project number is 21592.01.006. 
Thanks. 

Client ID 

UNS Blend 19-R 
UNS Blend 20-R 

Jamie 

Date Made 

10/7/16 
10/7/16 

1 
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Douglas, Steven M. 

From: Moken, James A. 
Sent: 
To: 

Tuesday, November 01, 2016 12:13 PM 
Douglas, Steven M. 

Cc: Garcia, David 
Subject: FW: Sample ID 

Steven or David, 

Can I get sample ID's and an SRR for the following samples. The client is Los Alamos and the Project number is 
21592 .01.006. Thanks. 

Client ID Matrix 

RNS Blend 20R Solid 
RNS Blend 21R Solid 
RNS Blend 22R Solid 

UNS Blend 6a Sol id 
UNS Blend 7a Solid 
UNS Blend 8a Solid 
UNS Blend 9a Solid 

Sod Nit A pH Adjusted Liquid 
45% Sod Nit Solution Liquid 
Sod Nit A & Swheat Solid 
Sod Nit B & Swheat Solid 
Sod Nit A pH Adjusted & Swheat Solid 

Thanks 

Jamie 

From: Moken, James A. 
Sent: Tuesday, October 11, 2016 6:58 AM 
To: Douglas, Steven M. 
Cc: Garcia, David 
Subject: Sample ID 

Steven or David, 

Client: Los Alamos National Laboratory 
SRR # 58617 
Project # 21592.01 .006 
Case: Canada 
VTSR: 11 /01 /2016 
Sample(s) Received : Intact 
Temperature : N/A °C/ SN#: N/A 

Can I get samples ID's for the following samples. The client is Los Alamos and the Project number is 21592.01.006. 
Thanks. 

Client ID 

UNS Blend 19-R 
UNS Blend 20-R 

Date Made 

10/7/16 
10/7/16 

1 
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Jamie 

2 
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Southwest Research Institute Laboratory Task Order 

SDG: 605029 

TO#: 161026-1 Revision: 1 

SRR#'s: 

Client(s): 

Project(s): 21592.01.006, 21592.01.00X 
Manager(s): SPIES, RADONNA 

58485, 58617 To Client: 12/20/16 
Los Alamos National Laboratory 

Documents Related to this task order: 208875[COC for SRR 58485), 208876[Paperwork for SRR 58485), 
210366[COC for SRR 58617], 210367[Paperwork for SRR 58617) 

Deliverables--> Hard Copy: no EDD: no PDF: -YES-

Test: EPA 1050 

Section: FT ADMIN 

Svstem ID TvDe 
605029 
605030 
606279 
606280 
606281 
606282 
606284 
606285 
606286 
606287 
606288 

606289 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Test: IGNIT_1030 

Section: WETCHEM 

Svstem ID Tvoe 
605029 
605030 
606279 
606280 
606281 
606282 
606284 
606285 

606286 
606287 
606288 
606289 

Test: Oxidizer_UN 

Section: WETCHEM 

SvstemlD TvDe 
605029 
605030 
606279 
606280 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

Holding: 30 daysfrom VTSR 

LI _;:T...::.e...::.s.::..t...::.M:..::ec.::th:::.o=--d=.:s=--· .::..to:..:.·.::.D...::.e.::.:te:::.r...::.m...::.in:::.e.:_··:..:S...::.11c..:b-=-sc:.:ta-'-n-'c_e_s_I::cik:..::e.:;,ly'--t.::..o=-S=p.::..o...::.nt...::.a..:.n...::.e...::.0 __ 11_:_sl-"'y-C_o_· m_b_u_s_t _________ __Jl Cnt: 12 

Cont Matrix Customer ID ' VTSR Method Date 
Solids UNS Blend 19-R 11 Oct 16 10 Nov 16 
Solids UNS Blend 20-R 11 Oct 16 10 Nov 16 
Solid RNS Blend 20R 01 Nov 16 01 Dec 16 
Solid RNS Blend 21R 01 Nov 16 01 Dec 16 
Solid RNS Blend 22R 01 Nov 16 01 Dec 16 
Solid Sod Nit A & Swheat 01 Nov 16 01 Dec 16 
Solid Sod Nit A pH Adjusted & Swheat 01 Nov 16 01 Dec 16 
Solid Sod Nit B & Swheat 01 Nov 16 01 Dec 16 
Solid UNS Blend 6a 01 Nov 16 01 Dec 16 
Solid UNS Blend 7a 01 Nov 16 01 Dec 16 
Solid UNS Blend Ba 01 Nov 16 01 Dec 16 
Solid UNS Blend 9a 01 Nov 16 01 Dec 16 

Holding: 180 days from CED 

I SW.846 Method 1030 lgnitability of solids Cnt: 12 

Cont 

Cont 

Matrix Customer JD CED Method Date 
Solids UNS Blend 19-R 07 Oct 16 05 Apr 17 
Solids UNS Blend 20-R 07 Oct 16 05 Apr 17 
Solid RNS Blend 20R NO DATA NO DATA 
Solid RNS Blend 21R NO DATA NO DATA 
Solid RNS Blend 22R NO DATA NO DATA 
Solid Sod Nit A & Swheat NO DATA NO DATA 
Solid Sod Nit A pH Adjusted & Swheat NO DATA NO DATA 
Solid Sod Nit B & Swheat NO DATA NO DATA 
Solid UNS Blend 6a NO DATA NO DATA 
Solid UNS Blend 7a NO DATA NO DATA 
Solid UNS Blend Ba NO DATA NO DATA 
Solid UNS Blend 9a NO DATA NO DATA 

Holding: 180 days from CED 

United Nations (UN) "Recommendations on the Transpc:>rt of Dangerous G°'octs", ~ecfion 34, 
CI.assification Procedures, Test Methods and Criteria Relating to <;>xidizing St1bstances 9f 

Cnt: 12 

Division 5.1; .. 

Matrix Customer ID CED Method Date 
Solids UNS Blend 19-R 07 Oct 16 05 Apr 17 
Solids UNS Blend 20-R 07 Oct 16 05 Apr 17 
Solid RNS Blend 20R NO DATA NO DATA 
Solid RNS Blend 21R NO DATA NO DATA 

Page 1 of 2 ver 7/18/2014 



Southwest Research Institute Laboratory Task Order 

SDG: 605029 

System ID Type 

606281 1 
606282 1 
606284 1 
606285 1 
606286 1 
606287 1 
606288 1 
606289 1 

Test: Oxidizing Liq_UN 
Section: WETCHEM 

Systertl ID Type 

606278 
606283 

Test: PAINT_9095 
Section: WETCHEM 

System ID Type 

605029 
605030 
606279 
606280 
606281 
606286 
606287 
606288 
606289 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

TO#: 161026-1 Revision: 1 

SRR#'s: 

Project(s): 21592.01.006, 21592.01.00X 
Manager(s): SPIES, RADONNA 

58485, 58617 To Client: 12/20/16 
Client(s): Los Alamos National Laboratory 

Cont Matrix Customer ID CED Method Date 
Solid RNS Blend 22R NO DATA NO DATA 
Solid Sod Nit A & Swheat NO DATA NO DATA 
Solid Sod Nit A pH Adjusted & Swheat NO DATA NO DATA 
Solid Sod Nit B & Swheat NO DATA NO DATA 
Solid UNS Blend 6a NO DATA NO DATA 
Solid UNS Blend 7a NO DATA NO DATA 
Solid UNS Blend Ba NO DATA NO DATA 
Solid UNS Blend 9a NO DATA NO DATA 

Holding: 180 days from CED 

I Test for Oxidizing Liquids - UN Manual of Tests and Criteria Part 3 Cnt: 2 

Cont Matrix Customer ID CED Method Date 
Liquid 45% Sod Nit Solution NO DATA NO DATA 
Liquid Sod Nit A pH Adjusted NO DATA NO DATA 

Holding: 180 days from CED 

I SW846 9095 Paint Filter Liquids Test Cnt: 9 

Cont Matrix Customer ID CED Method Date 
Solids UNS Blend 19-R 07 Oct 16 05 Apr 17 
Solids UNS Blend 20-R 07 Oct 16 05 Apr 17 
Solid RNS Blend 20R NO DATA NO DATA 
Solid RNS Blend 21R NO DATA NO DATA 
Solid RNS Blend 22R NO DATA NO DATA 
Solid UNS Blend 6a NO DATA NO DATA 
Solid UNS Blend 7a NO DATA NO DATA 
Solid UNS Blend Ba NO DATA NO DATA 
Solid UNS Blend 9a NO DATA NO DATA 

Page 2 of 2 ver 7/18/2014 



Southwest Research Institute 

Project: 

Case#: 

Client: 

21592.01.00X 

J. Mcken 
Los Alamos National Laboratory 

Email was received to create an SRR for the following. 

Parameters: Analysis/located on Task Order 

Sample Receipt 
Sample Receipt Number: 58485 

Notes 

See chain of custody as part of the work order system for more information 

Svstem ID Customer ID CED Matrix 

605029 UNS Blend 19-R 10/07/16 Solids 

605030 UNS Blend 20-R 10/07/16 Solids 

Containers: 2 

JThese documents are associated with this receipt: 208875[COC for SRR 58485], 208876[Paperwork for SRR 58485] 

Page 1 of 1 

VTSR:10/11/16 

Containers 

1 

1 

Samples: 2 

Time: 08:30:00 

Manager: SPIES, RADONNA 

Logged in by: DXGARCIA 

Creation Date: 10/11/16 

Soecial Reas. 

Thermometer: NA 

Temperature: NA 

Page Printed: 12/22/2016 14:20 

ver: (7/18/2014) 

U1 
(X) 

�~� 
(X) 

U1 

f:-1 
0 
(/) 

!Z 
PJ 
rt 
1-1· 
0 
::, 
PJ ,_. 
f:-1 
PJ 
tT 
0 
11 
PJ 
rt 
0 



Southwest Research Institute 

Project: 

Case#: 

Client: 

21592.01.006 

J. Moken 

Los Alamos National Laboratory 

Email was received to create an SRR for the following. 

Parameters: Analysis/located on Task Order 

FRM-070 (J. Moken) 

Sample Receipt 
Sample Receipt Number: 58617 

Notes 

See chain of custody as part of the work order system for more information 

Svstem ID Customer ID CED Matrix 

606278 45% Sod Nit Solution Liquid 

606279 RNS Blend 20R Solid 

606280 RN$ Blend 21R Solid 

606281 RNS Blend 22R Solid 

606282 Sod Nit A & Swheat Solid 

606283 Sod Nit A pH Adjusted Liquid 

606284 Sod Nit A pH Adjusted & Swheat Solid 

606285 Sod Nit B & Swheat Solid 

606286 UNS Blend 6a Solid 

606287 UNS Blend 7a Solid 

606288 UNS Blend 8a Solid 

606289 UNS Blend 9a Solid 

Containers: 12 

!These documents are associated with this receipt: 210366[COC for SRR 58617], 210367[Paperwork for SRR 58617] 

Page 1 of 1 

VTSR: 11/01/16 

Containers 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Samples: 12 

Time: 12:50:00 

Manager: SPIES, RADONNA 

Logged in by: SDOUGLAS 

Creation Date: 11/01/16 

Sneclal Reas. 

Thermometer: NA 

Temperature: NA 

Page Printed: 12/22/2016 14:21 

ver: (7/18/2014) 

1:-4 
0 
en 

1:-4 
PJ 
tr 
0 
11 
PJ 
rt-
0 



Sample Custodian Signature: 

..._ Sout~west Research Institute J) �~� �~� Traffic Report 

1. Custody Seal 

2. Chain of Custody 

3. Sample Tags 

Sample Tag Numbers 

4. SMO Forms 

Date Received 
Time 

CQCRecord Received 

10/11/16 08:30:00 Email 

10/11/16 08:30:00 Email 

Printed: 10/11/2016 8:59:34 AM 

Not Present or Damaged 

Present 

Not Present 

Not on coc 
Not Present 

SMOSampl~# 

UNS Blend 19-R 

UNS Blend 20-R 

. 

.· 

N/A 

N/A 

page 1 of 1 

FRM-217 

Client: Los Alamos National Laboratory 

Project: 21592.01.00X 

Case: J. Moken / SDG: ______ _ 

Sample Receipt: 58485 

Airbill: Email 

Custody Seal #(s): NA 

Corresponding ., .• Traffic Rpt, .. 
Tags; COC 

Sample Tag# Ci{ ' "i, $v.iRI.# A1uee 

605029 YES 

605030 YES 

Sample 
Condition 

Intact 

Intact 

�~�~� 
�~�~� 

ver (7/18/2014) 



1. Custody Seal 

2. Chain of Custody 

3. Sample Tags 

Sample Tag Numbers 

4. SMO Forms 

Time 
Date Received Received COCRecord 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

11/01/16 12:50:00 Email 

Printed: 11/01/16 3:37:14 PM 

Southwest Research Institute 
Traffic Report 

Not Present or Damaged 

Present 

Not Present 

Not on COC 

Not Present 

Client: Los Alamos National Laboratory 

Project: 21592.01.006 

Case: J. Moken / SDG: _____ _ 

Sample Receipt: 58617 

Airbill: Email 

Custody Seal #(s): NA 

·. .. 
•. Corre~po11ding ·. Traffic Rpt, 

SMOSample# Tag~1 COC 

45% Sod Nit Solution 

RNS Blend 20R 

RNS Blend 21R 

RNS Blend 22R 

Sod Nit A & Swheat 

Sod Nit A pH Adjusted 

Sod Nit A pH Adjusted & 
Swheat 

Sod Nit B & Swheat 

UNS Blend 6a 

UNS Blend 7a 

UNS Blend 8a 

UNS Blend 9a 

.. Sample Tag#· 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

page 1 of 1 

FRM-217 

·. . ••·.··· .. $wRIJ# Al!ree 

606278 YES 

606279 YES 

606280 YES 

606281 YES 

606282 YES 

606283 YES 

606284 YES 

606285 YES 

606286 YES 

606287 YES 

606288 YES 

606289 YES 

Sample 
· C:ondJtion · •· 

Intact 

Intact 

Intact 

Intact 

Intact 

Intact 

Intact 

Intact 

Intact 

Intact 

Intact 

Intact 

ver (7/18/2014) 



SAMPLE LOG-IN SHEET 

Lab Name 
Southwest Research Institute Page 1 of 1 

Received By (Print Name) Log-in Date 
r,,. /J ,1 

.. 10/11/2016 DAVID GARCIA 
Received By (Signature) ) )a~_1 -f/ /rl~ 
Case Number - Sample Delive~ Group No. ;J/,4 s~TJC J. Moken 
Remarks: 21592. 01. oox I I l~emarks: Corresponding 

Condition of Sample 
Shipment, etc 

Presen~~ 
EPA Sample# Sample Tag# Assigned Lab # 

I Custody Seal( s) 
UNS Blend 19-R N/A 605029 Intact Intact/Bro en 

UNS Blend 20-R N/A 605030 Intact 
2 Custody Seal Nos. NA 

/ v---
3. Chain-of Custody Records ~Absent* / 
4. Trame Reports Present~ / or Packing Lists 
5. Airbill Airbill/Sticker 

~Absent* I 
E) 

I 
6. Airbill No. 

7. Sample Tags Present~ 

\ 
Sample Tag Numbers Liste~ \ listed Chain of 

Custody 

"" 8. Sample Condition ~Broken*/ 
g �~� .. 9. Cooler Temperature NAC 

10. Does Information <!§)'No* ----on custody -... 

�~� records, tratlic 
reports, and 

"' sample tags 
agree'> 

II. Date Received at Lab 10/11/2016 \ 
12. Time Received 08:30:00 \ 

Sample Transfer 

' Fractio~ �~� £-cJ _µ I~ I 
Area# 

, 
Area# 

�~� / ~. WI o'/<..~t! 
By By 

�~� / DAVID GARCIA 

On On 

�~� �~� 
/ 

10/11/2016 

* Contact SMO anc~tach rf of resolut~1~ 

I Reviewed By �~� - �~� .J'fY--·,r,,- Logbook No. 1ample Receipt (58485) 

jDate () 10. f I, ( &.? Logbook Page No v9605 '7(?'C-- e P- { 

FORM DC-I OLM04.2 



SAMPLE LOG-IN SHEET 

Lab Name 

Southwest Research Institute Page 1 of 1 

Received By (Print Name) 

I 
Log-in Date 

STEVEN DOUGLAS 11/01/2016 

Received By (Signature~\_£ 

. ..., ' �~� 
Case Number '-' \ Sample Delivery Group No. J\A SA;.:;rer ' 

J. Moken 
Remarks: 21592.01.006 

-~ 

Corresponding Remarks: 
Condition of Sample 

Shipment, etc 
EPA Sample# Sample Tag# Assigned Lab# 

I. Custody Seal(s) Prese /Absen * 
Intact Brok 45% Sod Nit So tl/A 606278 Intact 

lution 

RNS Blend 20R N/A 606279 Intact 
2. Custody Seal Nos. NA 

--- RNS Blend 21R N/A 606280 Intact 

3. Chain-of Custody Records ~Absent* RNS Blend 22R ti/A 606281 Intact 

4. Traffic Reports Present~ Sod Nit A & Sw N/A 606282 Intact 
or Packing Lists heat 

5. Airbill Airbill/Sticker 
~Absent* Sod Nit A pH A N/A 606283 Intact 

djusted 

Sod Nit A pH A N/A 606284 Intact 
6. Airbill No. Email djusted & Swheat 

Sod Nit B & Sw N/A 606285 Intact 
heat 

7. Sample Tags Present~ UNS Blend 6a N/A 606286 Intact 

Sample Tag Numbers Liste~ UNS Blend 7a N/A 606287 Intact 
listed Chain of 
Custody UNS Blend 8a N/A 606288 Intact 

8. Sample Condition @/Broken*/ 
UNS Blend 9a N/A 606289 Intact ng 

9. Cooler Temperature NAC 

--------10. Does Information 8°No* 
on custody / records, tra me 
reports, and I 
sample tags 
agree? 

IL Date Received at Lab 11/01/2016 

' 12. Time Received 12:50:00 �~� -r--......_ -
Sample Transfer �~� 

Fraction 

�~� \ n,v a-Ylt1 
Area# ,... Area#~ 

\. /vlu1~ ' 
By - By 

"' / STEVEN DOUGLAS 

On On 

�~� L--"" 11/01/2016 -
Reviewed By Logbook No. 

Date Logbook Page No. 

FORM DC-I OLM04.2 



SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 161026-1 
SwRI SRR: 58485, 58617 
SDG: 605029 
VTSR: 10.11.2016, 11.01.2016 

Case Narrative 



Client: Los Alamos National Laboratory 
SwRI Project Number: 21592.01.00X 
SwRI Task Order Number(s): 161026-1 

WETCHEM ANALYSIS 

Initial sample preparation 

This report encompasses the preparation and analysis of both the solid and liquid waste surrogates 
presented in Table 1, which also contains the methods performed on each of the blends. All surrogate 
blends were made in accordance to the scope of work revised on 10/4/2016 with no deviations 
needed. 

Table 1. Waste Surrogate analysis table 
Methods 

Times 
Surrogate ID 

made 1030 1050 
UN Ox solid Paint UN Ox Liquid 
(DOT 0.1) filter (DOT 0.2) 

RNS Blend 20R 1 1 1 1 1 * 

RNS Blend 21R 1 1 1 1 1 * 

RNS Blend 22R 1 1 1 1 1 * 

UNS Blend 6a 1 1 1 1 1 * 
UNS Blend 7a 1 1 1 1 1 * 

UNS Blend 8a 1 1 1 1 1 * 
UNS Blend 9a 1 1 1 1 1 * 
UNS Blend 19-R 1 1 1 1 1 * 

UNS Blend 20-R 1 1 1 1 1 * 

Sod Nit A & Swheat 1 1 1 1 * * 

Sod Nit B & Swheat 1 1 1 1 * * 

Sod Nit A pH & Swheat 1 1 1 1 * * 
45% Sod Nit Solution 1 * * * * 1 

Sod Nit A pH Adjusted 1 * * * * 1 

*Testing not performed 

SW-846 9095B: Paint Filter 

For this method 1 OOg of each blend was placed into a Gerson 260um paint filter (PNO 10714R, Lot# 
B5140428JF8) that was suspended over a 250 mL graduated cylinder for 5 minutes to collect any 
free liquids. During this 5-min period if any of the sample material drips into the beaker, the material 
is deemed to contain free liquids for purposes of 40 CFR 264.314 and 265.314. All surrogate blends 
tested were not deemed to contain free liquids under the laboratory conditions. 

SW-846 1030: lgnitability of Solids 

In this test, an ignition source is applied to one end of the test material to determine whether 
combustion will propagate along 200 mm of the strip within 2 minutes. If the material combustion 
propagates, the burning time was measured over a distance of 100 mm and the rate of burning would 
be determined. The surrogate material was formed into an unbroken powder train, 250 mm in length 
atop a ceramic tile with marks at the 80 and 180 mm in from the end of the train. The ceramic tile 



Client: Los Alamos National Laboratory 
SwRI Project Number: 21592.01.00X 
SwRI Task Order Number(s): 161026-1 

was placed about 8 inches in a hood with the sash lowered to give airflow of about 0.7 m/sec. One 
end of the train was exposed to the end of an acetylene torch with a temperature greater than 1000°C. 
The torch was held there for 2 minutes and if the sample began to burn down the train the time taken 
to get from the 80 to 180 mm mark was measured to determine the burn rate. 

All of the UNS and RNS blends appeared as charred and dried zeolite at the end of the 2 minute burn 
period (Image 1). UNS Blend 8a, 9a, 19, and 20 had popping and crackling of the sample but no 
flames ever formed or propagated. The three sodium nitrate and Swheat blends caused the flame to 
enlarge throughout the testing period but the flame did not propagate. The samples also sparked, 
crackled, and burned away only in the area of flame application (Image 2). Since the propagation of 
the flame did not occur on any of the samples they are all considered to be nonflammable under the 
laboratory test conditions. 

SW-846 1050: Spontaneous combustion and self heating 

In this test, the surrogates for this analysis were first sprinkled several times onto a ceramic tile to 
observe if they smoked or flamed and could be considered pyrophoric solids by test Method A. Since 
none of the samples exhibited these characteristics, they were tested by Method C. In this test, a 100-
mm sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 hours to 
determine whether it undergoes spontaneous ignition or a rise in sample temperature to over 200 °C 
within the 24 hours. If the results of the preliminary test are positive, a second test using a 25-mm 
sample cube is conducted to further classify the waste as specified in Table 2. 

Table 2. Method 1050 Waste Classification 
Results of Self-Heating Test DOT Packing Group 

Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III 
Positive for both the 100-mm and 25-mm cube tests or positive 

II 
for the 25-mm test, if tested alone 

The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those samples 
believed to potentially have an event in order to keep the thermocouples and lids from coming off the 
sample. Up to two thermocouples were placed in a tray below the sample in case any sample pushed 
out of the cube and onto the tray. Once the thermocouples were in place, the oven was ramped to 
140°C ± 2°C and held for 24-48 hours depending on when the sample reached a stable temperature. 
Although the method states testing to be conducted for 24 hours, many of the samples did not reach 
140°C ± 2°C during the initial 24 hour period; therefore, the testing was extended to a minimum of 
12 hours after the sample had reached a stable temperature. Temperatures of the oven and sample 
were collected every 10 seconds and plotted to determine if the sample temperature exceeded 200°C 
during the time of testing. At the conclusion of the test, the oven was turned off and allowed to cool 
before removing the sample. The oven and sample temperature graphs are located in Attachment A. 

Since previous samples having similar combinations of waste and zeolite did not self heat, two 
surrogate blend samples were analyzed simultaneously using the 100mm cube during the RNS and 
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UNS testing. These blends were allowed to run for at least 45 hours before ending the analysis due to 
their moisture content. All but one of the UNS and RNS blends had a dry zeolite appearance with 
little to no clumping at the end of the test period when removed from the oven (Image 3). UNS Blend 
8a was a hardened brown mass when removed from the oven (Image 4,5). No charring or blackening, 
was observed. All the UNS and RNS Blends are not considered to be self-heating waste as defined 
by Method 1050 and under the laboratory conditions. 

The sodium nitrate and Swheat blends were analyzed one at a time due to past samples with similar 
consistencies having events. The Sod Nit B & Swheat as well as the Sod Nit A pH Adjusted both 
formed grey and brown hardened masses during the analysis (Image 6, 7). No blackening or charring 
was observed. Sod Nit A & Swheat appeared to have an event occur around four hours into the 
analysis. During this time the sample appears to have liquefied and made its way through the bottom 
of the cage and into the tray below (Image 8). This event caused the tray thermocouple to decrease in 
temperature as sample covered it. The temperature rose to 141 °C and never exceeded 200°C anytime 
during the analysis. When removed from the oven, the sample left in the cage had formed a shell 
with the inside being blackened and charred showing that some sort of event occurred (Image 9). The 
analysis was repeated again in the 100mm cube with a very similar outcome. The test was repeated 
using the 25mm cube. The sample did not leak through the cube but showed similar properties to the 
100mm cube run. Although both tests temperatures never exceeded 200°C, Sod Nit A & Swheat was 
deemed a DOT Packing Group III since it does appear that the sample is unstable in the 100mm 
cube. Sod Nit B & Swheat and Sod Nit A pH & Swheat were both deemed to not be self-heating 
waste under the laboratory conditions. 

DOT UN Oxidation testing 

The surrogate solid blends were tested in accordance with the United Nations (UN) 
"Recommendations on the Transport of Dangerous Goods", Section 34, Classification Procedures, 
Test Methods and Criteria Relating to Oxidizing Substances of Division 5.1. The UN procedure 
assesses the relative hazard of oxidizing substances so that an appropriate classification for transport 
can be made. Tests are conducted on the samples mixed with dry fibrous cellulose in mixing ratios 
of 1: 1 and 4: 1, by mass, of sample to cellulose. The burning characteristics of the mixtures are 
compared with the standard 3 :7 mixture, by mass, of potassium bromated to cellulose. If the burning 
time is less than the standard mixture, the burning times should be compared with those from 
packing group I or II or category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of 
potassium bromated to cellulose, respectively. See Table 3 for classification. Table 4 presents the 
results for the reference standards. Tables 5 and 6 lists the comments the analyst noted for each of the 
two sample-to-cellulose ratio bums. All RNS and UNS surrogate solid blends were classified as 
"Not Division 5. l ". Sod Nit A & Swheat and Sod Nit B & Swheat were both classified as Packing 
Group II. 

Sod Nit A pH & Swheat was classified as a Packing Group III. It should be noted that the 
classification for Sod Nit A pH & Swheat was less than 1 second over the Packing Group II limit. To 
error on the side of caution Sod Nit A pH & Swheat was reported as a Packing Group IL 
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Table 3. Oxidizer Classifications 

The test criteria for determining oxidizing properties of the substance are: 

Any substance which, in the 4: 1 or 1 :1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3 :2 mixture, by 
mass, of potassium bromate and cellulose. 

Any substance which, in the 4:1 or 1: 1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I 
Any substance which, in the 4: 1 or 1: 1 sample-to-cellulose ration (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 3 :7 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I and II. 
Any substance which, in both the 4: 1 and 1: 1 sample-to-cellulose ration(by mass) 
tested, does not ignite and bum, or exhibit mean burning times greater than that of 
a 3:7 mixture (by mass) of potassium bromate and cellulose. 

Table 4. Potassium Bromate and Cellulose Reference Mixtures 

UN 
Classification 

Packing group I 

Packing group II 

Packing group III 

Not Division 5.1 

Mean Bum Time, sec Mean Bum Time, sec Mean Bum Time, sec 
3:7 2:3 3:2 

KBr03:Cellulose Ratio KBr03:Cellulose Ratio KBr03:Cellulose Ratio 
118.07 51.33 18.65 

T bl 5 C t J3 s l t C II l f f 4 1 a e ommen s or amp e o e u ose ra 10 o . . . 
Sample ID Comment4:1 

RNS Blend 20R Chaning and smoke around the wire with a small flickering flame. 
RNS Blend 2IR Charring and smoke around the wire 
RNS Blend 22R Charring and smoke around the wire 
UNS Blend 6a Chaning and smoke around the wire 
UNS Blend 7a Charring and smoke around the wire 
UNS Blend 8a Charring and smoke around the wire with a small flickering flame. 
UNS Blend 9a Charring and smoke around the wire 
UNS Blend 19 Chaning and smoke around the wire 
UNS Blend 20 Charring, smoke, and small flickering flame. 
Sod Nit A & Sample produced large amounts of flames around 10sec into the analysis. Would 
Swheat sparkly minutes after power was turned off 
Sod NitB & Would have a large initial reaction with flames forming quickly throughout the sample. 
Swheat Would sparkly and char minutes after power was turned off 
SodNitApH & Initially just smoke formed then the flames formed all over the sample. Would sparkly 
Swheat minutes after power was turned off 
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T bl 6 C a e . t fi s ommen s or l t C ll l f f 11 amp e o e u ose ra IO o : 
Sample ID Comment 1:1 

RNS Blend 20R Charring, smoke, and flames around the wire and on the outer edges of the sample. 
RNS Blend 21R Charring, smoke, and flames around the wire and on the outer edges of the sample. 
RNS Blend 22R Charring, smoke, and a small flame periodically or throughout the testing period. 

UNS Blend 6a Charring, smoke, and a small flame periodically or throughout the testing period. 
UNS Blend 7a Charring, smoke, and flames around the wire and on the outer edges of the sample. 
UNS Blend 8a Charring, smoke, and flames around the wire and on the outer edges of the sample. 
UNS Blend 9a Charring, smoke, and a small flame throughout the testing period. 
UNS Blend 19 Charring, smoke, and a small flame throughout the testing period. 
UNS Blend 20 Charring, smoke, and a small flame throughout the testing period. 
Sod Nit A & Sample reacted and would then proceed to sparkle and smolder several minutes after 
Swheat turning off the power. 
Sod NitB & Large flames would form throughout the sample and last for some time before all went 
Swheat out. Would sparkle and flash strongly minutes after power was turned off. 
SodNitApH & Three of the runs reacted with flames forming throughout the sample before stopping 
Swheat and two runs had one main flame around the wire that was present throughout testing. 

DOT UN Liquid Oxidizer test 

Sod Nit A pH Adjusted and 45% Sod Nit samples were tested in accordance with the United Nations 
(UN) "Recommendations on the Transport of Dangerous Goods", Section 34, Classification 
Procedures, Test Methods and Criteria Relating to Oxidizing Substances of Division 5.1 Test 0.2 
Test for oxidizing liquid The test method measures the potential for a liquid substance to increase 
the burn rate or intensity mixed at a 1: 1 ratio with fibrous cellulose. The mixture is heated in a 
pressure vessel and the rate of pressure rise is determined and pressure rise time is compared to three 
reference materials (50% perchloric acid, 40% sodium chlorate and 65% nitric acid) when also 
mixed at a 1: 1 ratio with the cellulose. All standards were prepared on a weight to weight basis. The 
mean pressure rise of the reference substances are listed in Table 7 and the classifications are listed 
in the Table 8. 

Sod Nit A pH adjusted and 45% Sod Nit samples had a mean pressure rise time of 11.927 and 7. 770 
sec respectively; therefore, they are Not Division 5.1 under the tested laboratory conditions. 

Table 7. Reference Substances 
Mean pressure rise time, sec 

(1 :1) 50 % perchloric acid (1:1) 40% aqueous sodium (1: 1) 65% nitric acid 
and cellulose chlorate and cellulose and cellulose 

0.110 0.531 4.511 

The 50% perchloric acid and 65% nitric acid solutions both agree closely with the times stated in 
method Of O .121 and 4 .13 3 seconds respectively. However, 40% aqueous sodium chlorate had a 
mean pressure rise time that was significantly faster than the 2.555 seconds stated in the method. A 
second source of sodium chlorate was obtained and tested once with result of 0.746 seconds. 
Saturated ferric nitrate solution was tested once with a pressure rise time of 4.764 seconds which is 
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around the 4.133 seconds stated in the method. Two 45% sodium nitrate solutions were made with 
results ranging from 8.275 to 7.401 seconds which was above the 4.133 seconds stated in the 
method. One of the 45% sodium nitrate solutions used the sodium nitrate as received and the other 
was dried overnight prior to making the 45% solution. A saturated sodium nitrate solution was then 
made and analyzed with a result of 5.715 seconds which is still well above the 4.133 seconds the 
method states it should take a 45% sodium nitrate solution to rise. These additional sodium nitrate 
tests were performed because of the concern that the method classifies the 45% sodium nitrate 
solution as a Packing Group II and we are classifying it as Not Division 5 .1. 

Table 8. Oxidizer Classifications 
The test criteria for determining oxidizing properties of the substance are: Classification 

Any substance which, in a 1: 1 mixture, by mass, of substance and cellulose 
tested, spontaneously ignites; or the mean pressure rise time of a 1 : 1 mixture, by 

Packing group I 
mass, of substance and cellulose is less than that of a 1 : 1 mixture, by mass, of 
50% perchloric acid and cellulose. 
Any substance which, in a 1 : 1 mixture, by mass, of a substance and cellulose 
tested, exhibits a mean pressure rise time less than or equal to the mean pressure 
rise time of a 1: 1 mixture, by mass, of 40% aqueous sodium chlorate solution and 

Packing group II 
cellulose; and the criteria for Packing group I are not met 

Any substance which, in the 1 : 1 mixture, by mass, of substance and cellulose 
tested, exhibits a mean pressure rise time less than or equal to the mean pressure 

Packing group III 
rise time of a 1: 1 mixture, by mass, of 65% aqueous nitric acid and cellulose; and 
the criteria for Packing groups I and II are not met. 
Any substance which, in a 1 : 1 mixture, by mass, of a substance and cellulose 
tested, exhibits a pressure rise of less than 2070 kPa gauge; or exhibits a mean 

Not Division 5 .1 
pressure rise time greater than the mean pressure rise time of a 1 : 1 mixture, by 
mass, of a 65% aqueous nitric acid and cellulose. 
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Image 1: Appearance of the UNS and RNS blends after 1030 analysis.   
 

 
Image 2: Appearance of the Sodium nitrate & Swheat blends after 1030 analysis. 
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Image 3: Example of a normal UNS and RNS blend after 1050 analysis 
 

 
Image 4: UNS blend 8a in the cube showing the clumpy and loose portion of the sample.   
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Image 5: UNS Blend 8a showing the lower portion of the cube to be a hardened brown mass after 
1050 analysis. 
 

 
Image 6: Sodium nitrate B & swheat after 1050 analysis  
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Image 7: Sodium nitrate A pH adjusted & swheat after 1050 analysis.  
 

 
Image 8: Sodium Nitrate A & Swheat showing the liquefied material making its way into the tray 
below after the 1050 analysis.   
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Image 9: Sodium Nitrate A & Swheat showing the charred center of the material remaining in the 
cube after 1050 analysis. 

"I certify that this data package is in compliance with the terms and conditions of the 
contract, both technically and for completeness, for other than the conditions detailed above. 
Release of the data contained in this hardcopy data package and in the computer-readable 
data submitted on diskette has been authorized by the laboratory manager or his/her designee, 
as verified by the following signature. This report shall not be reproduced except in full 
w'thou t written approval of SwRI." 

Date 
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Method 1050 Graphs 
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Figure 1. Method 1050 – UNS Blend 19 (100mm cube) full run. 
 

 
Figure 2. Method 1050 – UNS Blend 20 (100mm cube) full run. 



2 
 

 
Figure 3. Method 1050 – UNS Blend 6a (100mm cube) full run. 
 

 
Figure 4. Method 1050 – UNS Blend 7a (100mm cube) full run. 
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Figure 5. Method 1050 – UNS Blend 8A (100mm cube) full run. 
 

 
Figure 6. Method 1050 – UNS Blend 9A (100mm cube) full run. 
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Figure 7. Method 1050 – RNS Blend 20R (100mm cube) full run 
 

 
Figure 8. Method 1050 – RNS Blend 20R Duplicate (100mm cube) full run. 
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Figure 9. Method 1050 – RNS Blend 21R (100mm cube) full run. 
 

 
Figure 10. Method 1050 – RNS Blend 22R (100mm cube) full run 
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Figure 11. Method 1050 – Sod Nit B & Swheat (100 mm cube) full run. 
 

 
Figure 12. Method 1050 – Sod Nit A pH Adjusted & Swheat (100 mm cube)  full run. 
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Figure 11. Method 1050 – Sod Nit A (100 mm cube) full run showing an event occuring to the 
sample causing it to heat quickly and then pool out the bottom of the cage and into the pan below 
causing the tray thermocouples to cool.  
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Figure 12. Method 1050 – Sod Nit A (25 mm cube)  full run. 
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SOUTHWEST RESEARCH INSTITUTE 
UN LIQUID OXIDIZER TEST 0.2 

SAMPLE DATA SHEET 

Lab Name: Southwest Research Institute Client: Los Alamos National Laborat01y 

Lab Code: SwRI Project No.: 21592.01.00X 

Matrix: Liquid Date Made: 12/12/16 

SRR#: 58617 Task Order#: 161026-1 

Reference Substances 
Mean pressure rise time, sec 

(1:1) 50 % perchloric acid (1:1) 40% aqueous sodium (1:1) 65% nitric acid and 
and cellulose chlorate and cellulose cellulose 

0.110 0.531 4.511 

Test Substance 
Mean pressure rise time, sec 

Sample ID SwRI System ID 1: 1 Classification Date Analyzed 
Sample:Cellulose Ratio 

45% Sod Nit Solution 606278 7.770 Not Division 5.1 12/15/16 
Sod Nit A pH Adjusted 606283 11.927 Not Division 5.1 12/15/16 

The test criteria for determining oxidizing properties of the substance are: Classification 
Any substance which, in a 1: 1 mixture, by mass, of substance and cellulose tested, spontaneously ignites; or the mean 
pressure rise time of a 1: 1 mixture, by mass, of substance and cellulose is less than that of a 1: 1 mixture, by mass, of 50% Packing group I 
perchloric acid and cellulose. 

Any substance which, in a 1: 1 mixture, by mass, of a substance and cellulose tested, exhibits a mean pressure rise time less 
than or equal to the mean pressure rise time of a 1: 1 mixture, by mass, of 40% aqueous sodium chloreate solution and Packing group II 
cellulose; and the criteria for Packing group I are not met 

Any substance which, in the 1: 1 mixtuer, by mass, of substance and cellulose tested, exhibits a mean pressure rise time less 
than or equal to the mean pressure rise time of a 1: 1 mixture, by mass, of 65% aqueous nitric acid and cellulose; and the Packing group III 
criteria for Packing groups I and II are not met. 

Any substance which, in a 1: 1 mixture, by mass, of a substance and cellulose tested, exhibits a pressure rise of less than 
2070 kPa gauge; or exhibits a mean pressure rise time greater than the mean pressure rise time of a 1: 1 mixture, by mass, of Not Division 5.1 
a 65% aqueous nitric acid and cellulose. . 

Page 1 of 1 
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SOUTHWEST RESEARCH INSTITUTE 
UN OXIDIZER TEST 

SAMPLE DATA SHEET 
Lab Name: Southwest Research Institute Client: Los Alamos National Laboratory 

Lab Code: SwRI Project No.: 21592.01.00X 

Matrix: Solid 

SRR #: 58485, 58617 

Date Made: 10/9/16, 10/17/16, 10/18/16 
10/28/16, 11/3/16, 11/14/16, 12/12/16 

Task Order#: 161026-1 
Potassium Bromate and Cellulose Reference Mixtures 

Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 
3:7 2:3 3:2 

KBr03:Cellulose Ratio KBr03:Cellulose Ratio KBr03:Cellulose Ratio 

118.07 51.33 18.65 

Test Substance 
Mean Burn Time, sec Mean Burn Time, sec 

Sample ID SwRI System ID 4:1 1: 1 Classification Date Analyzed 
Sample:Cellulose Ratio Sample:Cellulose Ratio 

RNS Blend 20R 606279 >180 >180 Not Division 5 .1 11/03/16 
RNS Blend 21R 606280 no reaction >180 Not Division 5.1 11/03/16 
RNS Blend 22R 606281 no reaction > 180 Not Division 5.1 11/08/16 
UNS Blend 6a 606286 no reaction > 180 Not Division 5.1 11/08/16 
UNSBlend 7a 606287 no reaction > 180 Not Division 5.1 11/14/16 
UNS Blend 8a 606288 >180 >180 Not Division 5.1 11/14/16 
UNS Blend 9a 606289 no reaction > 180 Not Division 5 .1 11/21/16 
UNS Blend 19 605029 no reaction > 180 Not Division 5.1 11/29/16 
UNS Blend 20 605030 > 180 > 180 Not Division 5.1 11/29/16 
Sod Nit A & Swheat 606282 53.95 49.25 Packing Group II 11/21/16 
Sod Nit B & Swheat 606285 34.12 138.34 Packing Group II 11/25/16 
Sod Nit A pH & Swheat 606284 52.29 164.38 Packing Group II 11/25/16 

The test criteria for determining oxidizing properties of the substance are: Classification 
Any substance which, in the 4: 1 or 1: 1 sample-to-cellulose ratio (by mass) tested, exhibits a mean burning time less than the mean 

Packing group I burning time of a 3 :2 mixture, by mass, of potassium bromate and cellulose. 

Any substance which, in the 4: 1 or 1: 1 sample-to-cellulose ratio (by mass) tested, exhibits a mean burning time equal to or less than 
the mean burning time of a 2:3 mixture (by mass) of potassium bromate and cellulose; and which does not meet the criteria for Packing group II 
packing group I 

Any substance which, in the 4: 1 or 1: 1 sample-to-cellulose ration (by mass) tested, exhibits a mean burning time equal to or less than 
the mean burning time of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does not meet the criteria for Packing group III 
packing groups I and II. 

Any substance which, in both the 4: 1 and 1: 1 sample-to-cellulose ration(by mass) tested, does not ignite and burn, or exhibit mean 
burning times greater than that of a 3 :7 mixture (by mass) of potassium bromate and cellulose. Not Division 5.1 

Page 1 o/2 
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SOUTHWEST RESEARCH INSTITUTE 
UN OXIDIZER TEST 

LABORATORY CONTROL SAMPLE DATA SHEET 

Lab Name: Southwest Research Institute Client: Los Alamos National Laboratory 

Lab Code: SwRl 

Matrix: Solid 

SRR #: 58485, 58617 

Sample ID 

LCS 
LCS 
LCS 
LCS 
LCS 
LCS 

Acceptance Criteria for Daily Laboratory Control Samples 
Mean Burn Time, sec Mean Bum Time, sec Mean Bum Time, sec 

3:7 2:3 3:2 
KBr03:Cellulose Ratio KBr03:Cellulose Ratio KBr03:Cellulose Ratio 

95-142 sec 41-62 sec 15-22 sec 

Mean Bum Time, sec Mean Burn Time, sec Mean Bum Time, sec 

3:7 2:3 3:2 
KBr03:Cellulose Ratio KBr03:Cellulose Ratio KBr03:Cellulose Ratio 

120.72 47.31 19.97 
127.41 58.94 19.50 
131.28 52.28 18.10 
139.97 44.72 16.69 
134.12 53.16 16.81 
118.97 57.14 19.94 

Page2 o/2 

Project No.: 21592.01.00X 

Date Made: 10/9/16, 10/17 /16, 10/18/16 
10/28/16, 11/3/16, 11/14/16, 12/12/16 

Task Order#: 161026-1 

Data Analyzed 

11/03/16 
11/08/16 
11/14/16 
11/21/16 
11/25/16 
11/29/16 

This report may not be reproduced e.xcept in its entirety without the written approval of SwRI. 



SOUTHWEST RESEARCH INSTITUTE 

Lab Name: Southwest Research Institute 

Lab Code: SwRI 

Matrix: Solid 

SRR #: 58485, 58617 

Sample ID SwRI System ID 

RNS Blend 20R 606279 
RNS Blend 20R Dup 606279 
RNS Blend 21R 606280 
RNS Blend 22R 606281 
UNS Blend 6a 606286 
UNS Blend 7a 606287 
UNS Blend 8a 606288 
UNS Blend 9a 606289 
UNS Blend 19-R 605029 
UNS Blend 20-R 605030 
Sod Nit A & Swheat 606282 
Sod Nit B & Swheat 606285 
Sod Nit A pH & Swheat 606284 

SW 846 Method 1030 
SAMPLE DATA SHEET 

Method 1030 Ignitability of Solids 
Results 

Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 
Nonflammable 

* Note: The Ignitability designation is based on the criteria and conditions of the test 

Page 1 o/3 

Client: Los Alamos National Laboratory 

Project No.: 21592.01.00X 

Date Made: 10/9/16, 10/17 /16, 10/18/16 
10/28/16, 11/3/16, 11/14/16, 12/12/16 

Task Order#: 161026-1 

Date Analyzed 

11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
10/10/16 
10/10/16 
12/07/16 
12/07/16 
12/07/16 

This report may 1101 be reproduced except i11 its entirety wit/tout the written approval of SwRI. 



SOUTHWEST RESEARCH INSTITUTE 

Lab Name: Southwest Research Institute 

Lab Code: SwRI 

Matrix: Solid 

SRR#: 58485, 58617 

Sample ID SwRI System ID 

RNS Blend 20R 606279 
RNS Blend 20R Dup 606279 
RNS Blend 2 IR 606280 
RNS Blend 22R 606281 
UNS Blend 6a 606286 
UNS Blend 7a 606287 
UNS Blend Sa 606288 
UNS Blend 9a 606289 
UNS Blend 19-R 605029 
UNS Blend 20-R 605030 
Sod Nit A & Swheat 606282 
Sod Nit B & Swheat 606285 
Sod Nit A pH & Swheat 606284 

SW 846 Method 1050 
SAMPLE DATA SHEET 

SW 84'6 Method 1050 Test Method to 
Determine Substances Likey to 

Spontaneously Combust (Method C) 

Results 

Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
Not a self-heating waste 
DOT Packing Group III 
Not a self-heating waste 
Not a self-heating waste 

Page2 o/3 

Client: Los Alamos National Laborat01y 

Project No.: 21592.01.00X 

Date Made: 10/9/16, I 0/17 /16, 10/18/16 
10/28/16, 11/3/16, 11/14/16, 12/12/16 

Task Order#: 161026-1 

Date Analyzed 

11/01/16 
11/01/16 
10/30/16 
10/30/16 
10/21/16 
10/21/16 
10/27/16 
10/27/16 
10/08/16 
10/08/16 

11/7, 11/21, 12/09/16 
11/04/16 
11/15/16 

This report may not be reproduced except in its entirety without the written approval of SwRL 



SOUTHWEST RESEARCH INSTITUTE 
SW846 9095 Paint Filter Liquids Test 

SAMPLE DATA SHEET 

Lab Name: Southwest Research Institute Client: Los Alamos National Laboratmy 

Lab Code: SwRI 

Matrix: Solid 

SRR#: 58485, 58617 

Sample ID SwRI System ID 

RNS Blend 20R 606279 
RNS Blend 20R Dup 606279 
RNS Blend 21R 606280 
RNS Blend 22R 606281 
UNS Blend 6a 606286 
UNS Blend 7a 606287 
UNS Blend Sa 606288 
UNSBlend 9a 606289 
UNS Blend 19-R 605029 
UNS Blend 20-R 605030 

Method 9095 Paint Filter Results 

No free liquids 
No free liquids 
No free liquids 
No free liquids 
No free liquids 
No free liquids 
No free liquids 
No free liquids 
No free liquids 
No free liquids 
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Project No.: 21592.01.00X 

Date Made: 10/9/16, 10/17/16, 10/18/16 
10/28/16, 11/3/16, 11/14/16, 12/12/16 

Task Order#: 161026-1 

Date Analyzed 

11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
11/01/16 
10/10/16 
10/10/16 

This report may 110/ be reproduced except ill its entirety without the written approval of SwRI. 



SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 161026-1 
SwRI SRR: 58485, 58617 
SDG: 605029 
VTSR: 10.11.2016, 11.01.2016 

UN Oxidizer 

Raw Data 



Client 

Project# 

TO# 

Southwest Research Institute 
UN Test 0.2: Test for Oxidizing liquids 

LANL 

21592 .01.006 

161026-1 

Standardization Standard Verification 

50% (w/w) HCL04 Time, sec STD Time, sec 

1 0.114 65% (w/w) HN03 4.671 12/14/16 104% 
2 0.101 65% (w/w) HN03 4.190 12/15/16 92.9% 

3 0.127 

4 0.107 

5 0.103 

avg 0.110 Additional Verification 

40% (w/w) NaCL03 Time, sec Sample Time, sec 

1 0.602 Saturated NaN03 5.715 

2 0.341 Saturated Ferric Nitrate 4.764 

3 0.538 40% (w/w) NaCL03 0.746 

4 0.608 

5 0.568 

avg 0.531 

65% (w/w) HN03 Time, sec 

1 4.377 

2 4.290 

3 4.706 

4 4.510 

5 4.671 

avg 4.511 

Sample Results 

45% NaN03 Time, sec Classification 

1 7.609 

2 8.275 

3 7.443 

4 8.120 

5 7.401 * * Dried NaN03 used to make this 45% solution 

avg 7.770 Not Division 5.1 

Sod Nit A pH Adj Time, sec 

1 10.865 

2 12.791 

3 10.320 

4 13.201 

5 12.456 

avg 11.927 Not Division 5.1 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Reference Substance 
tJ i c., h'l'-<I IY'0 &::, 

1&:>w 
KBr03:Cellulose Wt KBr03, g Wt Cellulose, g 

3:7 9 21 
2:3 12 18 
3:2 18 12 

Ratio Rep 
Actual KBr03 Burning Time, 

Comment 
Wt, g sec 

3:7 1 (., I 
, 

3:7 2 

3:7 3 

3:7 4 

3:7 5 

3:7 Avg £l1-Vi ·. -to l 
Ratio Rep 

Actual KBr03 Burning Time, 
Comment 

Wt, g sec 

2:3 1 

2:3 2 

2:3 3 

2:3 4 

2:3 5 

2:3 Avg 61 ' .. 
Y\. +o 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

3:2 1 

3:2 2 

3:2 3 

3:2 4 

3:2 5 

3:2 Avg ,~ .qz. .\ti 2.Z. 

Weighted Samples: James Moken Balance#: \~5 Date: \11 'l.-) J (, 

Tested Samples: James Moken Timer ID: C>·t1.L\'Z..\ Date: \l I 1.,/t'-', 
Potassium Bromate: _ln_o_,rg"'--#___,l,=' _._?'-_,_/..,.,51-=0'--_____ D_r_ie_d_: ;:::_1_2_hr_s_. @=-65_0_C ______________ _ 

Cellulose: Dried: ~4hrs. @ 105°C 

Variac Setting: 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# l lo\ OUc-\ 

Reference Substance 

KBr03:Cellulose Wt KBr03, g Wt Cellulose, g 

3:7 9 21 
2:3 12 18 
3:2 18 12 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

3:7 1 ci I DZ.'"') \ 2-L o'-1~'1 1261'.l-Z... 

3:7 2 

3:7 3 

3:7 4 

3:7 5 

3:7 Avg 12..<::'.:h~Z.. C,'-l,'-1(,, -.\-0 i"flJ,.a 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

2:3 1 1'2.,022'-f lg I I ()t.j =} l.j :1. 1, \ 

2:3 2 

2:3 3 

2:3 4 

2:3 5 

2:3 Avg tf'.1-. 'A\ '-I \ I t"J.. ,i ·l-0 ,. \ {.,") 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, -

Comment 
Wt, g Wt, g sec 

3:2 1 HL O+:+ \ \'1 1 ()L ":f- Z,, \ C\ ct·~ 

3:2 2 

3:2 3 

3:2 4 

3:2 5 

3:2 Avg \~19+ Ii..\, en, ..\-o 7-z,, t Q 

Weighted Samples: James Moken Balance#: \ 2 $' Date: I) n ,, '2 
Tested Samples: James Moken Timer ID: ()·~·?.,\ Date: l~ /'1' II"' 
Potassium Bromate: lnorg# �~� 't '-t,')0 Dried: ;?:12hrs. @65°C --"'----=---,,,----------=----------------

Cellulose: lnorg# �~� \ '1-~ Dried: ~4hrs. @ 105°C 

Variac Setting: 110 ± 7 Watts 
'b (A ::,N'I 

l)\1-l'lle, 



Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

System ID: 

Ratio Rep 

4:1 1 

4:1 2 

4:1 3 

4:1 4 

4:1 5 

4:1 Avg 

Ratio Rep 

1:1 1 

1:1 2 

1:1 3 

1:1 4 

1:1 5 

1:1 Avg 

Weighted Samples: 

Tested Samples: 

Sample Dried ? 

Cellulose: 

Variac Setting: 

Classification: 

Sample:Cellulose 
4:1 
1:1 

Actual Sample 
Wt, g 

James Moken 

James Moken 

lnorg# :=f-1·~5' 
8. c,\ ::t>JJ\ II I · 

1go ± 7 Watts 

Southwest Research Institute 

Sample Analysis 

n\ G,Y\ro~ go ·2,-i ~<., �~� 

\'60w 1.v\\"t... Ec:..1000..s 
Ac.AO(,,, ?'i,<,t,r SVf't') Wt Sample, g Wt Cellulose, g 

24 6 
15 15 

Actual Cellulose Burning Time, 
Comment 

Wt, g sec 

bl"e, fltMe.- 6'1.v~ �~� ~;e �~�~�I� t,n~ b,,-\'t) ,vi\,'""1 
l',vW\)<L "'fb,-. ""'"'cl'") p~ 

Balance#: t~S Date: \\/;~ /l(e 

Timer ID: 6L?}\1i\ Date: \\ !".~/He 
Dried: No 
Dried: >4hrs.@105C 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Sample Analysis 

System ID: 

n\c}(\<TJ~ go Z-lt)~-<- ""';vc_ 

Sample:Cellulose Wt Sample, g Wt Cellulose, g \~cvJ <MW 1=0·~ 
4:1 24 6 
1:1 15 15 Px:..Juc- T'r,~ ~vpP~ 

Ratio Rep 
Actual Cellulose Burning Time, 

Wt, g sec 
Comment 

4:1 1 

4:1 2 

4:1 3 

4:1 4 

4:1 5 

4:1 Avg 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Wt, g Wt, g sec 
Comment 

1:1 1 IS. Oil-
1:1 2 

1:1 3 

1:1 4 

1:1 5 

1:1 Avg 

·-Weighted Samples: James Moken Balance#: n::, Date: 

Tested Samples: James Moken \}I~ 11 vz 
Sample Dried ? YES!@ Dried: No 

Cellulose: 
_., 

lnorg# 3::\ ';\$.:) Dried: >4hrs.@105C 

Variac Setting: 1,/to ± 7 Watts 
g 0\~1>,.f/' 

\\\1\IV 

Classification: l) L T"'\• L ' 
I\. C)'<y Y)'\(),l.'l CIV'\) $'.) 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Reference Substance 

KBr03:Cellu lose Wt KBr03, g Wt Cellulose, g 

3:7 9 21 Nk..,h(,;~ ~o z;z..~e., 
2:3 12 18 
3:2 18 12 U/OVV ~vi·\'vl. ~GjifA.5. 

Ratio Rep 
Actual KBr03 

Wt, g 

3:7 1 4, r<1 \llL 
3:7 2 

3:7 3 

3:7 4 

3:7 5 

3:7 Avg 

Ratio Rep 
Actual KBr03 

Wt, g 

2:3 1 l Z, CYZLJ'-f 
2:3 2 

2:3 3 

2:3 4 

2:3 5 

2:3 Avg 

Ratio Rep 
Actual KBr03 

Wt, g 

3:2 1 \i .6'-l I '1 
3:2 2 

3:2 3 

3:2 4 

3:2 5 

3:2 Avg 

Weighted Samples: James Moken 

Tested Samples: James Moken 

Actual Cellulose 
Wt, g 

2-h () ,z·?-,'!; 

Actual Cellulose 
Wt, g 

ti. 1n ro z... 

Actual Cellulose 
Wt, g 

12. at..cil:f 

u· - -... A· /DG 
Burning Time, 

Comment 
sec 

12.1--- 4 \ 

I 1. ":"h '-\ \ 4'-1,'i{t, .t,.,,, 1'11,ln <1 
Burning Time, 

Comment 
sec 

5g /:1j4 

5t>-'lt-i t.fl ,O<o ·..-0 ful, '1,0 
Burning Time, 

sec 

let.~n 

~"\,15 l> ~,.4? 

Balance#: t3S 

Timer ID: (!) 1. i.qz. \ 

+T'l 

Comment 

zi,.·M~ 

Date: J J / g_j/f:> 

Date: l+h3 ll<P 

J 

Potassium Bromate: _ln_o_.rg._#__,l,""-"lf ..... ':f...,.5_0 ______ D_r_ie_d_: ;;;:_1_2_hr_s_. @=-65_0_C ______________ _ 

Cellulose: lnorg# ·,-H· 5S Dried: ;,:4hrs.@ 105°C 

Variac Setting: 1 /lo ± 7 Watts 
�~� t;\~ 

\ \I '£11'1 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# t,tw\:o z.l, -\ 
Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Comment 
Wt, g Wt,g sec 

4:1 1 2 L{,o<..( ci,S J& ,00 

4:1 2 lU>.oq 
4:1 3 

4:1 4 

4:1 5 

4:1 Avg 

Ratio Rep 
Actual Cellulose Burning Time, 

Comment 
Wt, g sec 

1:1 1 

1:1 2 

1:1 3 

1:1 4 

1:1 5 

1:1 Avg 
bl,.•.;, �~� i,.t.ul-u' �~� ~-.pt. 
�~� �~� ""ffliicc:,.A;e...__ 

Weighted Samples: James Moken Balance#: 12,~) Date: I\ )Sil~ 

Tested Samples: James Moken Timer ID: D27..CfZ..\ Date: n, g11" 
Sample Dried ? YES!@) Dried: 

Cellulose: lnorg# ;:/: \:1§5 Dried: >4hrs.@105C 

Variac Setting: 1,0 ± 7 Watts 
g u ;,J:,rM \.\ l'bH �~� 

Classification: AJ o+- ·t,~):,\c:A--1.) s I\ 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# \ L, \ OZ.(o-\ 

Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Cellulose Burning Time, 

Wt, g sec 

4:1 1 (o,oq 

4:1 2 

4:1 3 

4:1 4 

4:1 5 

4:1 Avg 

Ratio Rep 
Actual Cellulose Burning Time, 

Wt, g sec 

1:1 1 1S. s 
1:1 2 

1:1 3 

1:1 4 

1:1 5 

1:1 Avg 

Weighted Samples: James Moken Balance#: l3S 

Tested Samples: James Moken Timer ID: OZ.2..Ct&\ 
Sample Dried ? 

Cellulose: 

YES!<@) Dried: A ?r, 
U,"(j)..tl' 

lnorg# ::6,Qtl5D ·=1-\J55 ,,,'l\l"oried: >4hrs.@105C 

Variac Setting: 1 Jto ± 7 Watts 
8 c.\l*M 111l1i.11.G, 

Classification: 

Comment 

.l 

Comment 

Date: II/ fO(,, 

Date: I\ JgJJ t,, 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Reference Substance 

KBr03:Cellulose Wt KBr03, g Wt Cellulose, g 1\.1 \Ul'n,i"Y'(,- �~� O ZL ~('!...., 

3:7 
2:3 
3:2 

Ratio Rep 
Actual KBr03 

Wt, g 

3:7 1 q ,t'Y+l g 
3:7 2 

3:7 3 

3:7 4 

3:7 5 

3:7 Avg 

Ratio Rep 
Actual KBr03 

Wt, g 

2:3 1 12.... , .... ., ( "" 
2:3 2 

2:3 3 

2:3 4 

2:3 5 

2:3 Avg 

Ratio Rep 
Actual KBr03 

Wt, g 

3:2 1 I~ D\'11--
3:2 2 

3:2 3 

3:2 4 

3:2 5 

3:2 Avg 

Weighted Samples: James Moken 

Tested Samples: James Moken 

9 
12 
18 

Actual Cellulose 
Wt, g 

Zl,01locl 

Actual Cellulose 
Wt, g 

1 $. o·z13 

Actual Cellulose 
Wt, g 

1'2. A 1tz.,Z 

21 
18 
12 

Burning Time, 
sec 

I '2..' '2R 

t;1. 2fl.. . q 'f . I.(~ .fr... 
Burning Time, 

sec 

52. z.a 

.Sl,2.i l.f 1,0(,., +o 
Burning Time, 

sec 

IR 10 

iSf. )0 \4.G:7 �~� 

Balance#: 13-5 

Timer ID: 022.q Z.1 

l~c>W 

Comment 

141.lo'i 
Comment 

l,,I. t... O 

Comment 

?'1 •. 1.Sf 

Date: 1111'-l/ly:, 
Date: j I/ l'-1 {I(, 

Potassium Bromate: _ln_o.....,rg ...... #___,(.t,,j~ ..... 't-Y--=Si'""'Q,.__ _____ D_r_ie_d_: ;c:_1_2_hr_s_. @=-65_0_C ______________ _ 

Cellulose: lnorg# 3::: J 1~S" Dried: ;:::4hrs. @ 105°C 

Variac Setting: 1i0 ± 7 Watts 
5 c.,\~ 

,,,1'1tl �~� 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Sample Burning Time, 

Comment 
Wt, g sec 

4:1 1 ·z. t..l, 0 Cc., :f. S 
4:1 2 2 
4:1 3 

4:1 4 

4:1 5 z_ 
4:1 Avg 

Ratio Rep 
Actual Cellulose Burning Time, 

Comment 
Wt, g sec 

1:1 1 

1:1 2 

1:1 3 

1:1 4 

1:1 5 

1:1 Avg 

Weighted Samples: James Moken Balance#: l?,S Date: n " ':f " "' 
Tested Samples: James Moken Timer ID: oz.2.9·2, Date: \I /1'-f /((p 

Sample Dried ? YES(@) Dried: Alo 
Cellulose: lnorg# ;:\-13£~ Dried: >4hrs.@105C 

Variac Setting: 1io ± 7 Watts 
�~� c., :,IV"' \\ I\'\\\" 

Classification: N O t: Di\J:\]ll cw S 1 \ 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# \ lo I OZ,lrl �~� \ 

Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

4:1 1 2'-1. 6 Co. 
4:1 2 

4:1 3 

4:1 4 

4:1 5 

4:1 Avg 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

1:1 1 l S, 0:j-J �~� , e>Yo 1"" 
1:1 2 ,CJ ·--+-Z 15 o 
1:1 3 

1:1 4 )S, 

1:1 5 ) 'S' 

1:1 Avg 

Weighted Samples: James Moken Balance#: 13S: Date: p J l'j II (q 

Tested Samples: James Moken Timer ID: OZ1..'"1Z../ Date: \\ lly II(;;, 

Sample Dried ? YES/Nf?) Dried: Mo 
Cellulose: lnorg# ::i. \1;5 ') Dried: >4hrs.@105C 

Variac Setting: 1to ± 7 Watts 
g CJ\ >.b,)li. 1 I /14 (J"' 

Classification: 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Reference Substance 

KBr03:Cellulose Wt KBr03, g Wt Cellulose, g 

3:7 9 21 1 govv 

2:3 12 18 
3:2 18 12 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

3:7 1 S, CJ U.C=f- 21, 6\2:Z... p,q a::i-

3:7 2 

3:7 3 

3:7 4 

3:7 5 

3:7 Avg \ ~q q :f- '14,!.f<o +t:i IL/ I .r,..a 
Ratio Rep 

Actual KBr03 Actual Cellulose Burning Time, 
Comment 

Wt, g Wt, g sec 

2:3 1 12.. C} 1/2. 15(' f\?. -~ 2... l/1../, ·1-2-
2:3 2 

2:3 3 

2:3 4 

2:3 5 

2:3 Avg t.:/L{,::J.7 41 r,,J- J.,.. 1;..,1 (,,(') 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

3:2 1 I){. 01 lct IZ. o 1 ><.::i- It". 1- '1 

3:2 2 

3:2 3 

3:2 4 

3:2 5 

3:2 Avg /(Q, /r.'1 IJ..I, C,l- 41, 2.,2, Jg 

Weighted Samples: James Moken Balance#: 11 S-- Date: I) / Z..-1/ / (t, 

Tested Samples: James Moken Timer ID: c:xz L9 z_ I Date: II /Z-1 JI h 
Potassium Bromate: _ln_o_,rg._#----'~161-4.__ .... ,_,,IS:...,.0«-------D-r_ie_d_: .::_1_2_hr_s_. @=-65_0_C ______________ _ 

Cellulose: lnorg# ± qs:;- Dried: ;:::4hrs. @ 105°C 

Variac Setting: 1li0 ± 7 Watts 
g ~f>,;M 

\\It'll~ 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

System ID: 

Ratio Rep 

4:1 1 

4:1 2 

4:1 3 

4:1 4 

4:1 5 

4:1 Avg 

Ratio Rep 

1:1 1 

1:1 2 

1:1 3 

1:1 4 

1:1 5 

1:1 Avg 

Weighted Samples: 

Tested Samples: 

Sample Dried ? 

Cellulose: 

Variac Setting: 

Classification: 

Sample Analysis 

9A: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Actual Cellulose Burning Time, 

-bre+nr""t)V\. ?>ve 
"""" \\IZ.lh(,. 

James Moken 

James Moken 

YES@ 

lnorg# })3-:ss-

1¢0 ± 7 Watts 
2, uhN"' \\ \1,\ \ I IQ 

Wt, g sec 

Balance#: \3$'" 

Timer ID: 0 2-"l 9 2- I 

Dried: tJ ;;. 
Dried: >4hrs.@105C 

Comment 

Date: II ri I II l, 
Date: fl /1.,t l/l., 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# ' fo \ (\ i-<o - \ 
Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

4:1 1 2'-1, o 0J. C'.:>Z<o , 52., 6·1" 
t, \' 

4:1 2 2'-1 o '-IJ r 
4:1 3 '1-

4:1 4 2 
4:1 5 

4:1 Avg 

Ratio Rep 
Actual Sample 

Wt, g 

1:1 1 JS', 
r,t•k-

1 1:1 2 ' o:f. 
1:1 3 IS'. 62-'1 5Z,'i3 1.../ 

1:1 4 is-.o=rss rs, CJ '-f '1 i3 56,IS I/ 'i' 

1:1 5 ~."fl-I It 

1:1 Avg �~� /)..f, 1"(6 �~� ~'f\<eJ ~CA\ fY'fh.f"e,5 
(LA.e 

Yet n'6e L-\ 1 - '58 

Weighted Samples: James Moken Balance#: 1:b6' Date: llj'L I /I lo 

Tested Samples: James Moken Timer ID: n 2..2-~H-l Date: '11 /Ztl I l '2 
Sample Dried ? YES 1<f§g) Dried: A?a e,, ;j)\.M , WM II <, 

Cellulose: lnorg# b:i''t• &~ "+ I '·1:fil) Dried: >4hrs.@105C 

Variac Setting: 110 ± 7 Watts 
�~� cA~ 

11;}1111 I/ii 

Classification: Pw~ <1rv~ :re.. 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Reference Substance 

KBr03:Cellulose Wt KBr03, g Wt Cellulose, g 

3:7 9 21 
2:3 12 18 
3:2 18 12 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

3:7 1 ct • C)s."5 '2.. 2.1 . f"lt"'5r2. 13"'1 \ 1--
3:7 2 

3:7 3 

3:7 4 

3:7 5 

3:7 Avg \'b'"I. '·i. q '·LL/,,,., 41''" l 'f L i,q 

Ratio Rep 

2:3 1 

2:3 2 

2:3 3 

2:3 4 

2:3 5 

2:3 Avg 

Ratio Rep 

3:2 1 

3:2 2 

3:2 3 

3:2 4 

3:2 5 

3:2 Avg 

Weighted Samples: 

Tested Samples: 

Potassium Bromate: 

Cellulose: 

Variac Setting: 

Actual KBr03 Actual Cellulose 
Wt, g Wt, g 

I 2 I t"'lLI ',2....<;;1 l~ .()t.J-2..4 

Actual KBr03 Actual Cellulose 
Wt, g Wt, g 

I sf. '"' ':t:-1 "2.. 1'7_. "'·u - q 

James Moken 

James Moken 

lnorg# (p 'i-160 
I norg# J:-1 �~� 

1~0 ± 7 Watts 
"g C\ l>W"' VIA W" 

Burning Time, 
sec 

61.. ii-

SJ,. I In '41 ,..,,. ·lo 
Burning Time, 

sec ,,.5(\ 

ICo, fl I i 'i~ qz .1-. 

Balance#: \'bS" 
Timer ID: o·i2ffZ,) 

Dried: ~12hrs. @65°C 

Dried: ;,:4hrs. @ 105°C 

Comment 

t ... 1.f.,.,n 

Comment 

2Z.~s 

Date: \\ IJJ5ll(p 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# \ lo l<:, uCo - \ 

Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

W'((J Comment 
Wt, g Wt, g sec \ \ 

4:1 1 

4:1 2 

4:1 3 r( v" 

4:1 4 f' ,, 
4:1 5 i," 

4:1 Avg 

Ratio Rep 
Actual Sample Actual Cellulose 

Comment 
Wt, g Wt, g sec 

1:1 1 ·s I 
1:1 2 

1:1 3 

1:1 4 \\ 

1:1 5 ?~VU: f.;.,,~ .::... 61.hi~ IY\-0"\hb M,, �~� 

1:1 Avg \:::<4~ ln~e. Q.\I(;, 2~vwi'.)h ti 

Weighted Samples: James Moken Balance#: 17£: Date: 11 J 'Z,£114, 

Tested Samples: James Moken Timer ID: 02,ZAZ.I Date: / I J i:,llki 
Sample Dried ? YES/~ Dried: 11,Jo 

Cellulose: I norg# �~� :t, '56:: Dried: >4hrs.@105C 

Variac Setting: 

Classification: 

1iO ± 7 Watts 
i CJ\,~ ll,Jll,/IW Cb �~�~� e,..,M«- "WWl,-'t3 g.;{.{} ·1"1L 

fov-(r, Ui>f0i' \(. \,,~) 

(Ii 

© 
�~� 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

4:1 1 

4:1 2 

4:1 3 " 
4:1 4 ii 

4:1 5 i,/ 

4:1 Avg 

Ratio Rep 
Actual Sample Actual Cellulose 

Comment 
Wt, g Wt, g sec 

1:1 1 .... o?:>Cf[p 

1:1 2 z. 
1:1 3 

1:1 4 

1:1 5 -fittl'Y't'b �~� beef\ ...wi"'4.t~ c.:~e , 
1:1 Avg 

Weighted Samples: James Mcken Balance#: \"bO Date: }I l'Z:s:11 f, 
Tested Samples: James Mcken Date: I I I ts/ It, 
Sample Dried ? YES /(lli)) Dried: AU> 

Cellulose: lnorg# 1:)}5\5 Dried: >4hrs.@105C 

Variac Setting: 0 ± 7 Watts 

Classification: 

�~� rf,.:;1' {..('\ �~� :i:~c. 
c,,.,"'~ ;N '/WA~ t-"-

�~� r-~ 1l--
~(IA,,lf' 

o,.er-
(P 

,, 
.,, 

·,1, 

\\ 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Reference Substance 

KBr03: Cellulose Wt KBr03, g Wt Cellulose, g 

3:7 9 21 
2:3 12 18 
3:2 18 12 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, Comment 

Wt, g Wt, g sec 

3:7 1 'I,07.R\ lLOl9(o l\~.G,'.:J,-

3:7 2 

3:7 3 

3:7 4 

3:7 5 

3:7 Avg ll8.'ll- t:t 11,,.uA .l..,. It.ii, l.. '1 

Ratio Rep 
Actual KBr03 Actual Cellulose Burning Time, Comment 

Wt, g Wt, g sec 

2:3 1 12.,1'11~1 I~ Ol')qt'"} 5 .}. \ 4 
2:3 2 

2:3 3 

2:3 4 

2:3 5 

2:3 Avg S-:f, l<.f '-4 l• O(o +i.> 1_1. ,_ f'l 

Ratio Rep 
Actual KBr03 

Wt, g 

3:2 1 t8'. 0\24 

3:2 2 

3:2 3 

3:2 4 

3:2 5 

3:2 Avg 

Weighted Samples: James Moken 

Tested Samples: James Moken 

Actual Cellulose Burning Time, 
Wt, g sec 

12.,nSZ.>? I q 't,y 

1e.,,'f'-/ \ i../. 41 

Balance#: I }:la 
Timer ID: C) llA z.l 

.L--

- . - -
Comment 

'L'l. ·t.J{ 

Date: II, /Z,'?f,/Jy, 
Date: J l /'zct // (p 

Potassium Bromate: _ln_o.....,rg,,_#_-=t.c,"-9.....__,y"""bC)__,,,_ _____ D_r_ie_d_: :2':_1_2_hr_s_. @=-6_5°_C ______________ _ 

Cellulose: lnorg# 41:J-'1'.>5 Dried: ~4hrs.@ 105°C 

Variac Setting: 1.@ ± 7 Watts 
·j C\·~~ \ 1, 11 <'a II i,. 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# 

Sample Analysis 

System ID: 

Sample: Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Burning Time, 

sec 

4:1 1 

4:1 2 

4:1 3 

4:1 4 

4:1 5 

4:1 Avg 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Wt, g Wt, g sec 

1:1 1 

1:1 2 

1:1 3 

1:1 4 

1:1 5 

1:1 Avg 

Weighted Samples: James Moken Balance#: \ 7:,:f 
Tested Samples: James Moken Timer ID: O 2,zPi z.,\ 

Sample Dried ? Dried: Ne 

Cellulose: lnorg# ~\3::':'1--S:: Dried: >4hrs.@105C 

Variac Setting: 1,'o ± 7 Watts 
'6 0\ ::,fllM\ vi I to I l't 

Classification: 

Comment 

Comment 

Date: filZ-"t///,, 
Date: \\I 'IA j/1,:; 

ti"' 
6:> 
e 
�~� 



Southwest Research Institute 

Method: UN Oxidizer 

Project#: 21592.01.006 

Client: Los Alamos 

TO# I lo I b7,(e-\ 

Sample Analysis 

System ID: 

Sample:Cellulose Wt Sample, g Wt Cellulose, g 
4:1 24 6 
1:1 15 15 

Ratio Rep 
Actual Cellulose Burning Time, 

Comment 
Wt, g sec 

4:1 1 5 
4:1 2 

4:1 3 

4:1 4 

4:1 5 j 8~1 ""IZ.. C, 

4:1 Avg /go 

Ratio Rep 
Actual Sample Actual Cellulose Burning Time, 

Comment 
Wt, g Wt, g sec 

1:1 1 

1:1 2 

1:1 3 

1:1 4 \\ 

1:1 5 )\ 

1:1 Avg 
\<)i>U"' twic6 aF{::-

Weighted Samples: James Mcken Balance#: t,S 
Tested Samples: James Mcken Timer ID: o:z,Zf:3 Z-1 Date: \ \j Z.,'1/r G:, 

Sample Dried ? YES/@ Dried: Ml 
Cellulose: I norg# 3::\ Th---S:: Dried: >4hrs.@105C 

Variac Setting: 1f0 ± 7 Watts 

3 c..,I 'vNf11uwt I Ip 

Classification: .Ab:\: ·o N,b, ovu \5, l 



SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 160627-5 
SwRI SRR: 57871 
SDG: 599959 
VTSR: 06.24.2016 

SW-846 Method 1050 

Raw Data 



SOUTHWEST RESEARCH INSTITUTE 
SW-8461050 

Client: Los Alamos National Laboratory 
Project No: 21592.0 l .OOX 

Sample ID: UNS Blend 19 & 20 

Start Date: 10/08/16 Stop Date: 10/10/16 

Start Time: 2:57 PM Stop Time: 4:58 PM 

Task Order: 161026-1 
SRR: 58617, 58485 

Both samples came to temperature slowly due to the moisture content in each of them. Samples reached a steady 
temperature around 20 hours into the analysis and held constant until the test was stopped. When removed from the oven 
both samples appeared as a dry zeolite with dried brown portions of waste mixture within the zeolite. No events appeared 
to have taken place and the sample temperature did not exceed 200°C during the testing time so both are considered to 
not be self heating. 

Sample ID: UNS Blend 6a & 7a 

Start Date: 10/21/16 Stop Date: 10/19/02 

Start Time: 8:03 AM Stop Time: 9:21 AM 

Both samples came to temperature slowly due to the moisture content in each of them. UNS Blend 6a came to a stable 
temperature around 24 hours into the analysis and 7a came to temprature around 16 hours into the analysis. Once at 
temperature both samples held constant. When removed from the oven 6a was mostly a loose mass that crumbled with a 
little hand pressure, and 7a was all loose material with no clumping. No events appeared to have taken place and the 
sample temperature did not exceed 200°C during the testing time so both are considered to not be self heating. 

Sample ID: UNS Blend 8a & 9a 

Start Date: 10/27 /16 Stop Date: 10/29/16 

Start Time: 1:30 PM Stop Time: 3:30 PM 

Both samples came to temperature slowly due to the moisture content in each of them. UNS Blend 8a came to a stable 
temperature around 32 hours into the analysis and 9a came to temprature around 26 hours into the analysis. Once at 
temperature both samples held constant. When removed from the oven 8a was a hardened brown mass but no evidence of 
burning or an event was apparant. 9a was all loose material with very little clumping. No events appeared to have taken 
place and the sample temperature did not exceed 200°C during the testing time so both are considered to not be self 
heating. 



SOUTHWEST RESEARCH INSTITUTE 
SW-8461050 

Client: Los Alamos National Laborato1y 
Project No: 21592.01.00X 

Sample ID: UNS Blend 21R and 22R 
Start Date: 10/30/16 Stop Date: 11/01/16 
Start Time: 12:11 PM Stop Time: 10:36 AM 

Task Order: 161026-1 
SRR: 58617, 58485 

Both samples came to temperature slowly due to the moisture content in each of them. Both blends came to temperatue 
around 22 to 24 hours into analysis. Once at temperature both samples held constant. When removed from the oven both 
samples were pretty much all loose material with a dry zeolite appearance to them. No events appeared to have taken 
place and the sample temperature did not exceed 200°C during the testing time so both are considered to not be self 
heating. 

Sample ID: RNS Blend 20R and 20R Duplicate 
Start Date: 11/01/16 Stop Date: 11/03/16 

3:08 PM Start Time: 1:08 PM Stop Time: 

Both samples came to temperature slowly due to the moisture content in each of them. The sample and duplicate both 
came to temprature around 16 hours into the analysis. Once at temperature the sample and duplicate both held constant. 
When removed from the oven the sample was mostly loose with a dry zeolite appearance. No events appeared to have 
taken place and the sample temperature did not exceed 200°C during the testing time so both are considered to not be self 
heating. 

Sample ID: Sod Nit B & Swheat 
Start Date: 11/04/16 Stop Date: 11/06/16 
Start Time: 6:34 PM Stop Time: 8:34 PM 

The sample initially heated up to around 90°C and then cooled down to around 70°C before the sample came to a stable 
temperature around 24 hours into the analysis. When removed from the oven, the sample had formed a hardened mass 
that was mudlike in appearance. The sample did not cook out of the cube or seep out through the mesh and no visible 
event seems to have occured. Since no events appeared to have taken place and the sample temperature did not exceed 
200°C during the testing time so both are considered to not be self heating. 



SOUTHWEST RESEARCH INSTITUTE 
SW-8461050 

Client: Los Alamos National Laboratory 
Project No: 21592.01.00X 

Sample ID: Sod Nit A pH & Swheat 
Start Date: 11/15/16 Stop Date: 11/17/16 
Start Time: 7:52 PM Stop Time: 9:52 PM 

Task Order: 161026-1 
SRR: 58617, 58485 

The sample was fairly moist when it was initially placed into the oven and therefore it took around 32 hours for the 
sample to come to temperature. Once at temperature the sample remained constant. When removed from the oven the 
sample was a hardnened grey to browninsh mass and had a similar appearance to when it was placed into the oven. Since 
no events appeared to have taken place and the sample temperature did not exceed 200°C during the testing time so both 
are considered to not be self heating. 

Sample ID: Sod Nit A & Swheat 
Start Date: 11/21/16 Stop Date: 11/23/16 
Start Time: 8:34 AM Stop Time: 10:35 AM 

The sample temperature began to rise quickly in the beginning and some sort of event occurred causing the sample to 
liquify and drip though the bottom of the cage and into the tray below. During this time the tray the1mocouples cooled as 
the sample built up on top of them. When removed from the oven the central region of the sample in the cube was 
cavernouse with blackened material showing that an event occured. During the test none of the thermocouples showed 
temperatures to exceed 200°C but since an event seems to have drained the cube of sample the 25 mm test was perf01med 
and the sample was classified as a Packing Group III material. The 25mm test was performed on 12/09/16 and showed 
similar sample appearance as with the 100mm cube. 



SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 160627-5 
SwRI SRR: 57871 
SDG: 599959 
VTSR: 06.24.2016 

Method 1030 

Logbook Pages 
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Book I.D. __ 16-0406-001 Book/ Page :_13 __ 0069 __ 

Southwest Research Institute® 
Logbook: Physical Testing 

Analysis/ Method: ----~! .... O~b=6~---------,-Project# 2, I :S::52, 0 I · O o Ce 

Client: l-A-NI- TO# ){e\02,lo-\ 

LCS Info: --,.,t.,.,..x~C,=(l,_.I 0.,_,-uc,..__.,.luo=c-x~~-L~-tt-_&_l~_f_v_=__,?~Z ..... , ~· Z~m=W'.l~/=1:,~-u:....,~ __ B_a_la_n_ce_#_: -~N_A,_,. ~· ___ _ 

Notes: ::f"'&"A":000<..Q""-pie._ �~� 6 '.L ~-~, --re)W"el'll ;,\,,..wiu\,t)·· J;".1,1 'lo ~- l'lM ,}U" . r \ID'! • '""I 1·1 . • .. .9ri z!:'1 /1& . . . . c> • • 0 ·:z.cr-· T 
±'Nd"'l"O,:;r<kf\e,, '.Ocl'JcV', 02.2,C(.t.fO �~� ,lunf • 22,2. c.. 

:tr.)', OC::i.'L.S \ . 

\+ eQd 4:\2 3:C·· i9 tlo!i.'J ·. ©, ~q M 1/;;ec 91811 rs :$:zO:kl> 'l ic:.n?"c 
s ......... _l'\ln;.. ~",. --- . ,N -1 6l ('~A,,A .\ ~. rrvr.,/,,., ~--1, -

Sample ID • 
.....i-...,_,, .L-. L -·- f'rA.I~ (",1\ - - ,,,-,., 

\_ .l'nl d,9U,JJ'\? '""' '"'" "n~Aher 

I f' .f-... I\. ·?7 .,-,.- sQ. a I 
wh,"' .J!i4me_. �~� • f'r lt-e& ·tle.- .fG.mf /e.. b '.:'.f.N -tw,,.,llc) f.f•rl\'.:, 

p,,, 11 Ai<-. a1,,.,..-J 7r1 n,n h,rn.J AJA O.."\d, teo\ilc cto '-'£,I k 6 (.W.Af, °13 "'- lo;- o{.. ll< '"~I t1t1 • Nd :fl .. ...,,..e-, 
<.,.) 

&,.Mp\e, ~k\ed, <vi- vv ,-V,"v\,v UJ<J..>, 0\ fflli ed. lvu+ J'I v 
l/1-.\,./,., /, A!,:.. il,\A-..1 Jq i'VO l-., -~ Al A. �~�\�~� ·"""-" IJ .,.,.,. (1'j't..c A - ..... . ~- . . - - b,l - /c..,-,,,.1 

1,, ::._.,_ IA Al1=, lJ..1,,,-rtd 19 i) h<'.) h. ~-- Ni;. 
+c:, bvl'N-t- '\\ rt[} , 

/ 
/ 

I / . 
/ I 

' / 11''..__ 

1\0\y 
V 

n',.!i. , ..I.J\l.", \")_ ....... -i .,,, 0 /.,.,l'\t::: ') . 
'\9/ I I....) -

,. .f)-~S .Ill. /\l~ \l.\A, ,,qq �~� ln(1~i...,. 

. �~�~� V ,!\I\,. AA. It l\1. ... /11,, ', .. _ . . 

7 
.. ···., 

' 

/ 
/ 

/ 

/ 
/ 

( 
I 

Calculation: ' 

"' 

Analyst Signature: __ ?_.,~~-,---,1--+-fhk--='-"~-.-----·----Date: _/ _0"-'/(_0-'-/_,_((f.,__· __ _ 

Reviewed by: (L<~ .Date: [O / 141 J ( /ti · -~-t----.'----ft"--"<-...,,.__,..____________ --,+---+, ----

FRM-294 (Rev 2/May 12) 



Book I.D. __ 16-0406-001__ Book/ Page :_13 __ 0074 __ 

Southwest Research Institute® 
Logbook: Physical Testing 

Analysis/ Method: ___ __,_/ ...;:c(J=-~-· _o _________ _ Project# 2.&6:f k:,Ol. 6 c;r:p 

Client: LANL -----'-'------------- TO# \ lo \!1>1,.,(1)""1 

.1..oAAJ'lf."'\ �~� ,:,,'I,,, i oc., 'R\\--r 51,l-,V.,.., ,.., n .. .:.,,m.,,.. \2,::, _.,, lfJ, ~"""-· 

Sample ID 
. 

h.,,,,Nf\;i boAoA ..\,~ l,;,t/Nv t..,<k. 

/,&, ":\ MoAA 16-t:& 

IJ ,b V IOc... i-Z-,l-L 1-.??(,_ 
'R.Nb "lli.-el\6 7{'» A,,,~ �~� ... M{'\.t., ~It-- �~� ~\, rthH,'\ ~. Cf\Y\ Gl-\£.VZ6 .,fie.., U.e1li-'<. 

e_ Al..1..,. rn~ 1/'R,h l\~,t") 
0-,t -tire,, ,w.f'e, di--~~ l')C, C>'r,<..(1-U. ·P-1 ,;,..-, �~� 

\ 

R_ Al:--. 12..1 et'\,\. ? i i2. ldo 
{~<'., .:M b!"'-l �~� •j-K.... -~<..""{)le-' V\c.:. e:ib:;e~ +1:.-<M:. or c-r,,..-.,fc ·J,~, 

'\2..1\l,'.) ~\ ieh,.1 2,:1,{< Alo 
�~� ""'~ ch,i.. �~� -~ 'Z«Jii1<..,, I IO or,,:.~- fie-~ i-

11 J\t, a,e:v,d.. <1 o... 
,~<\- �~� ,:,~(! ·!1-e- z.e,.,.,)1\<,, .W'C l:,;,~ci ib·l"'G 

/\),') f..o,Yl..., ,_'':1.//!'V'o~,... ,~,.,.A ~,,.,,...,, .. l ...... ,'\,~ ol.. ,.i..,.,. '•ft""'"' 
Ii JI.":. ·0,)..,,1\.,, lf e.a NI) �~� cw~ -r~ !.id �~� u~,.~ ,,J, r,d O),~ -f,~.-i.,: 0, _'.'°'"'A/1/WO)L , '• i • I CJU- ,-•A,1 ,. JJ, .. - 3~ ,.\ ,,,1\ ... •,A../1 .. 

{Jv\/..., ·p., , .. ,tv\ ;z.,,. No &l~c!.. • ... "'-a.~ ' ,hcc Z:&>lk, V t"'t.' Cl)Q'~-tred u ik~ 

Nn 
~e- e,"M\,, �~� 

'l.A.J'V:,. 'f.l..l...,J\.I /,,.,,A 
�~� & z.u,lire-. r 1:1 ~e""4 ~'l'l('..... 

-
' 

/ 
" ~-

I~ 
\Iv\\~ "' ' 

... �~� V 
�~� 

.,,/ 

,..,...,,, 

�~� 
....---:: �~� - --

Calculation: 

·" ., .. 

Analyst Signature:~~/ Date: // /,f//1,, 

Reviewed by: -~+-' --v-='--li--'------------ Date:/ / ( 30 { / 0 
FRM-294 (Rev 2/May 12) 
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Book I.D. 16-0406-001 Book/ Page :_13 __ 0078_ 

Southwest Research Institute® 
Logbook: Physical Testing 

Analysis/ Method: ___ __.,_l_,.o'-':~.,._o-=r'----------Project# Z\filtZ., (f)j, oo&i 
Client: L Ai\/ 1- TO# )Co ID 7.kr . 1 

Notes: \%o,2.;;. L\-?~ ·1<?-1 q ~\9M,,, c, "29 1111 k#-< 

@~ ~troi\:-4 bc«eC ; (;tU:'Y:1i\ 'f 

Balance#: N �~� 

.\o,:cy\l 7/()CJ0°G 

~l\j!)W<"AVf' \(0 ,' () '2, 9'.:):, \ 

Sample ID h. ,,vt., 

c...lA~<?.J ~111 e11it, ~-tv'e·l'\<r dt. -/-1,,e, ·'11 ·rw:, @_, ·1-M fuflV 72!..:. t' ,, 
lfl.)A., -• , .!,c-.• -oii.;:/ L/(' ,(',,..-,,,, , ' h,JtAI\-• ,:/.,/1 , ... , -~}, .r, "'C:-""",> 

I V v ,,, I 

'-"'-' 1\1 ;.\..A." ,,. t......i.- n .n ~/ ,',) �~�~� ~'10 -~ ,;wv,i.L_ ,... •• 
• 

..... 

/ 

/ 
/ 

( -----Calculation: 

I.IA /_,... ,vt~/-
Analyst Signature: --,,.JIQi='.Jl/\v:...:.:::.. ___ ..1./:...._ ' _______ .:._ Date: (t,J J-11(,. 

Reviewed by: fJJfJ1JiJ /) Date: / '2../J ~//1, -.;i,,----;,.-....LLJ.,_ __________ �~� t I 

' ' ' I 
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I 
I 
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SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 160627-5 
SwRI SRR: 57871 
SDG: 599959 
VTSR: 06.24.2016 

Method 9095 

Paint Filter 

Logbook Pages 



Book I.D. 16-0406-001 Book/ Page :_13_0068_ 

Southwest Research Institute® 
Logbook: Physical Testing 

Analysis / Method: ---?:&-1-="=·i.,_nt:...__:S ............ l·..,,k,c'-"--_______ Project# '216'9 ?.,...Ol, oo f.i 
Client: · L.ANL- TO# \ lo \(YU-- \ 

LCS Info: D.:C ltz.O TV= fc<i\ Balance#: CJ%: 
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Southwest Research Institute 

San Antonio, Texas 78228 

Customer: Los Alamos National Laboratory 
Project: 21592.01.00X 
SDG: 605029 
Task Order: 161026-1 
Instrument: Accumet 50 
Balance: Bal #135 
Start Time: 12/12/2016 12:43:18 
Analyte Test: pH 9040 

pH 9040 

Analysis Method: pH 9040 (TAP: TAP 01-0406-100) 
Reagent: (pH) Buffer 4.0 (72232), (pH) buffer 7.0 (72230), (pH) buffer 10.0 (72229) 

I pH I 

Sample Identification Client Identification .P.t! Temp (C) 
4.00 NA 4.00 22.1 
7.00 NA 7.01 22.0 
10.00 NA 10.04 22.1 
ICV" NA 6.17 22.1 
66-05-WCS13 NA 7.27 22.4 
CCV" NA 6.15 22.2 

Batch: 20161216-A001 (Ver. 1) 

Status: CONSUMED 

" spiked 10 ml of pH Reference Material-71222 (Chemlnv# P246-977, Source: ERA, Exp: 11/30/2018) at 6.12 S.U. 

Comments: NA 

U - Result is less than the SwRI Reporting Limit (RL) 

Prepared by: MOKEN JAMES 

Reviewed by: HERRERA JUDY 

Date: 12/12/2016 

Date: 12/20/2016 

Page 1 of 1 

Program version(B/11 /2011) 



Southwest Research Institute 

San Antonio, Texas 78228 

Customer: Los Alamos National Laboratory 
Project: 21592.01.00X 
SDG: 605029 
Task Order: 161026-1 
Instrument: Accumet 50 
Balance: Bal #135 
Start Time: 11/14/2016 15:27:00 
Analyte Test: pH 9040 

pH 9040 

Analysis Method: pH 9040 (TAP: TAP 01-0406-100) 
Reagent: (pH) Buffer 4.0 (72232), (pH) buffer 7.0 (72230), (pH) buffer 10.0 (72229) 

I pH I 

Sample Identification Client Identification mi Temp (C} 
4.00 NA 4.00 21.8 
7.00 NA 7.01 21.4 
10.00 NA 10.03 21.5 
ICVA NA 6.20 21.4 
49-03-WCS 13 NA 7.97 22.1 
CCVA NA 6.19 21.4 

Batch: 20161216-A002 (Ver. 1) 

Status: CONSUMED 

" spiked 10 ml of pH Reference Material-71222 (Chemlnv# P246-977, Source: ERA, Exp: 11/30/2018) at 6.12 S.U. 

Comments: NA 

U - Result is less than the SwRI Reporting Limit (RL) 

Prepared by: MOKEN JAMES 

Reviewed by: HERRERA JUDY 

Date: 11/14/2016 

Date: 12/20/2016 

Page 1 of 1 

Program version(8/11 /2011) 



Southwest Research Institute 

San Antonio, Texas 78228 

Customer: Los Alamos National Laboratory 
Project: 21592.01.00X 
SDG: 605029 
Task Order: 161026-1 
Instrument: Accumet 50 
Balance: Bal #135 
Start Time: 10/09/2016 16:50:00 
Analyte Test: pH 9040 

pH 9040 

Analysis Method: pH 9040 {TAP: TAP 01-0406-100) 
Reagent: (pH) Buffer 4.0 (72232), (pH) buffer 7.0 (72230), (pH) buffer 10.0 (72229) 

I pH I 

Sample Identification Client Identification ..P!i Temp (C) 
4.00 NA 4.00 21.4 
7.00 NA 7.01 21.3 
10.00 NA 10.04 21.3 
ICVA NA 6.10 21.4 
24-03-WCS13 NA 5.50 21.7 
CCVA NA 6.12 21.4 

Batch: 20161216-A003 (Ver. 1) 

Status: CONSUMED 

" spiked 10 ml of pH Reference Material-71222 (Chemlnv# P246-977, Source: ERA, Exp: 11/30/2018) at 6.12 S.U. 

Comments: NA 

U - Result is less than the SwRI Reporting Limit (RL) 

Prepared by: MOKEN JAMES 

Reviewed by: HERRERA JUDY 

Date: 10/09/2016 

Date: 12/20/2016 

Page 1 of 1 

Program version(B/11 /2011) 
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SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 161026-1 
SwRI SRR: 58485, 58617 
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Balances and DI Water 

Verification Logs 
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Comments: 

Southwest Research Institute® 
Division 01, Building 70 

Inorganic's Balance Verification Log 
Book I.D.# 16-0406-028 __ 

Manufacturer Model 
Number 

Location Number of Maximum 
Weight 

Operator 
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Mettler PR2003 

Asset# 011992 
Std Wt. 2000 g 

Tolerance: 
1999.800-2000.200 g 

Recorded Wt. (g) 
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Places 
Lab 47 3 2100 g 

Asset# 011999 
Std Wt. 2 g 
Tolerance: 

1.996-2.004 g 
Recorded Wt. (g) 
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16-0406-028 

Balance Asset Manufacturer Model Location Number of Maximum 
Number Number Number Places Weight 

05 009065 Mettler PR 2003 Lab 47 3 2100 g -
-

Asset# 011992 Asset# 011999 
·Std Wt. 2000 g Std Wt. 2 g 

Date Operator Tolerance: Tolerance: 
1999.800-2000.200 g 1.996-2.004 g 

'· Re.corded Wt. (g) Recorded Wt. (g) 
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Asset 
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009065 
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Southwest Research Institute® 
Division O I, Building 70 

Inorganic's Balance Verification Log 

Book I.D.#_16-0406-028~~-c,, 
Manufacturer Model 

Number 
Location Number of 
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Maximum 

Weight 
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Mettler PR2003 

Asset# 011992 
Std Wt. 2000 g 

Tolerance: 
1999.800-2000.200 g 

Recorded Wt. (g) 
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Lab47 3 2100 g 

Asset# 011999 
Std Wt. 2 g 
Tolerance: 

1.996-2.004 g 
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Balance Asset 
Number Number 

89 014982 

Date Operator 

Comments: 

Southwest Research Institute® 
Division 01, Building 70 

Inorganic 's Balance Verification Log 

Manufacturer 

Mettler Toledo 

Asset# 015583 
Std Wt. 5000 g 

Tolerance: 
4999.50-5000.50 g 
Recorded Wt. m ) 

Model Location 
Number 

XP5003S Lab 24 

Asset# 015580 
Std Wt. 100 g 

Tolerance: 
99.990-100.010 g 

Recorded Wt. (m ) 
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FRM-441 (Rev I/Oct 11) 
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Book I.D .# _ 11-0406-062 _ 

Number of Maximum 
Places 

2nd 
3rd 

Weight 
5100 g 
1000 g 

Asset# 015584 
Std Wt. 2 g 
Tolerance: 

1.996-2.004 g 
Recorded Wt. (mg) 

00 



Balance Asset 
Number Number 

. 89 014982 

" 

Date Operator 

Conunents: 

Southwest,Research Institute® 
Division 01, Building 70 

Inorganic' s Balance Verification Log 

Manufacturer 
0 

Mettler Toledo 

. Asset# 015583 
Std Wt. 5000 g 

Tolerance: 
4999.50-5000.50 g 
Recorded Wt. (m ) 

Model Location 
Number 
XP5003S Lab 24 . 

Asset# 015580 
Std Wt. 100 g 

Tolerance: 
99.990-100.010 g 

Recorded Wt. (mg 

FRM-441 (Rev 1/0ct 11) · 
Page 4 of 15 

Book I.D.#_11-0406-062_ 

Number of Maximum 
Places 

2nd 

3rd 

Weight 
5100 g. 
1000 g 

Asset# 015584 
Std Wt. 2 g 
Tolerance: 

1.996-2.004 g 
Recorded Wt. (mg) 
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~alance Asset 
Number Number 

135 020014 

Date Operator 
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I Comments: 

Southwest Research Institute® 
Division O 1, Building 70 

Inorganic's Balance Verification Log 

Manufacturer Serial Location 
Number 

Mettler Toledo B338797310 Lab 47 

Std Wt. 200 g Std Wt. 2 g 
AN# 011988 AN# 020641 

Tolerance: Tolerance: 
199.9800-200.0200 g 1.99980-2.00020 g 
Recorded Wt. (mg) Recorded Wt. (mg) 
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Book I.D.: 15-0406-055 
Number of Maximum 

Places Weight 
4t11 220 g 
5th 81 g 

Std Wt. 0.02 g 
AN# 012685 

Tolerance: 
0.01995-0.02005 g 
Recorded Wt. (mg) 
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Balance Asset 
Number Number 

135 020014 

Date Operator 

Comments: 

Southwest Research Institute® 
Division 01, Building 70 

Inorganic' s Balance Verification Log 

Manufacturer 

Mettler Toledo 

Std Wt. 200 g 
AN# 011988 

Tolerance: 
199.9800-200.0200 g 
Recorded Wt. (mg) 

Serial 
Number 

B338797310 

Location 

Lab 47 

Std Wt. 2 g 
AN# 020641 

FRM-598 (Rev I/May 14) 
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Book I.D.: 15-0406-055 
Number of Maximum 

Places 
4tn 
5th 

Weight 
220 g 
81 g 

Std Wt. 0.02 g 
AN# 012685 

Tolerance: 
0.01995-0.02005 g 
Recorded Wt. (mg) 
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Balance Asset 
Number Number 

135 020014 

Date Operator 

Comments: 

Southwest Research Institute® 
Division 01, Building 70 

Inorganic' s Balance Verification Log 

Manufacturer 

Mettler Toledo 

Std Wt. 200 g 
AN# 011988 

Tolerance: 
199.9800-200.0200 g 
Recorded Wt. (mg) 

Serial Location 
Number 

B338797310 Lab47 

Std Wt. 2 g 
AN# 020641 

Tolerance: 
1.99980-2.00020 g 
Recorded Wt. (mg) 

FRM-598 (Rev 1/May 14) 
Page 11 of25 

Book I.D.: 15-0406-055 
Number of 

Places 
4rn 
5th 

Maximum 
Weight 
220 g 
81 g 

Std Wt. 0.02 g 
AN# 012685 
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Certificates of Calibration 



Southwest Research Institute 

Calibration Certificate 
Calibration Laboratory 
Certificate # 3759.01 

Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 46011 

Asset Number: 018344 Calibrated: 2/1/2016 

Description: OVEN Calibration Due: 2/1/2017 

Manufacturer: THERMO SCIENTIFIC Data Type: FOUND/ LEFT 

Model Number: HERATHERM OMS60 Temp./RH: 70 °F I 42 % 

Serial Number: 41241291 Work Order# 403137157 

Calibration Procedure: OVENS, CHAMBERS, INCUBA 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 

Standards Used To Calibrate Equipment 

Asset 
015454 

018495 

Manufacturer 
HART SCIENTIFIC 

FLUKE 

Approved By 

Model 
5627A 

1523 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 

Description 
THERMOMETER PRT 

TEMPERATURE METER 

Cal. Due Date 
2/18/2016 

2/18/2016 

Calibrated By: RRV 

Metrology Technician 

Page 1 of 1 



Work Order: 403137157 
Asset No: 018344 
Serial No: 41241291 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Thermo Scientific 
Model: Heratherm OMS60 
Type: Oven Chamber 

Technician: 
Type Data: 
Cal Date: 

Remarks: Calibration limits per customer request. Chamber exceeds 70% of limit at the 200 °C test point. 
Customer to determine if the result found meets their requirements. Temperature uniformity not calibrated 

Function/Range Test Point Tl Reading Difference ± Limit ± Uncertainty 

Temperature oc oc oc oc oc 
50 °C 50.4 50.0 -0.4 2.0 0.18 

100 °C 101.0 100.0 -1.0 
150 °C 152.1 150.0 -2.1 3.0 
200 °C 203.2 200.0 -3.2 4.0 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Ovens Div 01_28 Dec 11 

RRV 
Found-left 
1-Feb-16 

Result % Limit 

Pass 20% 
Pass 50% 
Pass 70% 
Pass 80% 

Page 1 of 1 



Southwest Research Institute 

Cost Center: 

Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 

014982 

BALANCE 

METTLER 

XP5003SDR 

1129300727 

Calibration Procedure: BALANCES & SCALES 

Calibration Laboratory 
Certificate# 3759.01 

Certificate Number: 39314 

Calibrated: 9/25/2015 

Calibration Due: 9/25/2016 

Data Type: FOUND/ LEFT 

Temp./RH: 73 °F / 48 % 

Work Order# 403134658 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
001712 TROEMNER 100 G WEIGHT CLASS 1 7/29/2016 

001713 RICE LAKE 200 G WEIGHT CLASS 1 10/1/2015 

001714 TROEMNER 200 G WEIGHT CLASS 1 1/12/2016 

001715 RICE LAKE 500 G WEIGHT CLASS S 7/8/2016 

001716 RICE LAKE 1 KG WEIGHT CLASS 1 4/7/2016 

001717 RICE LAKE 2 KG WEIGHT CLASS 1 4/7/2016 

001718 RICE LAKE 2KG WEIGHT CLASS 1 4/7/2016 

Calibrated By: RRV 
Approved By Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 2 



001719 

Southwest Research Institute 

Calibration Certificate 
RICE LAKE 5KG WEIGHT CLASS 1 

Approved By 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 

Calibration Laboratory 
Certificate # 3759.01 

4/7/2016 

Calibrated By: RRV 
Metrology Technician 

Page 2 of 2 



Work Order: 403134658 
Asset No.: 014982 
Serial No.: 1129300727 
Remarks: 

Function/Range Applied 
Corner Load grams 

Left Front 1000 
Left Rear 

Right Rear 
Right Front 

Repeatability 
1000 g Range 

1 500 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Std Deviation 

5100 g Range 
1 2000 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Std Deviation 

Function/Range Applied 
Direct Weighing grams 
1000 g Range 0.000 

100.000 
200.000 
300.000 
400.000 
500.000 
600.000 
700.000 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: XP5003SDR 
Type: Balance 

Tl Reading Difference 
grams grams 

1000.000 0.000 
999.999 -0.001 
1000.000 0.000 
1000.001 0.001 

500.002 
500.000 
500.001 
500.002 
500.000 
500.000 
500.001 
500.001 
500.001 
500.000 
0.0008 

199.99 
200.00 
199.99 
199.99 
200.00 
200.00 
199.99 
199.99 
199.99 
199.99 
0.005 

Tl Reading Difference 
grams grams 
0.000 0.000 

100.001 0.001 
200.001 0.001 
300.001 0.001 
400.001 0.001 
500.002 0.002 
600.003 0.003 
700.002 0.002 

± Limit 

grams 
0.010 

0.0020 

0.012 

± Limit 

grams 
0.012 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler XP5003SDR (5 kg)_25 Sep 14 

Technician: RRV 
Type Data: Found-left 
Cal Date: 25-Sep-15 

Result % Limit 

Pass 0% 
Pass 10% 
Pass 0% 
Pass 10% 

Pass 40% 

Pass 42% 

± Uncertainty Result % Limit 
grams 
0.003 Pass 0% 

Pass 8% 
Pass 8% 
Pass 8% 
Pass 8% 
Pass 17% 
Pass 25% 
Pass 17% 

Page 1 of 2 



Work Order: 403134658 
Asset No.: 014982 
Serial No.: 1129300727 

Function/Range Aeplied 
Direct Weighing (Cont) grams 

1000 g Range 800.000 
900.000 
1000.000 

5100 g Range 0.000 
500.000 

1000.000 
1500.00 
2000.00 
2500.00 
3000.00 
3500.00 
4000.00 
4500.00 
5000.00 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: XP5003SDR 
Type: Balance 

Tl Readinfa Difference 
grams grams 

800.002 0.002 
900.001 0.001 
1000.000 0.000 

0.000 0.000 
500.001 0.001 
999.999 -0.001 
1500.00 0.00 
2000.00 0.00 
2500.00 0.00 
3000.00 0.00 
3500.00 0.00 
4000.00 0.00 
4500.00 0.00 
5000.00 0.00 

END OF REPORT 

± Limit 

grams 
0.012 

0.012 

0.02 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler XP5003SDR (5 kg)_25 Sep 14 

Technician: RRV 
Type Data: Found-left 
Cal Date: 25-Sep-15 

± Uncertainty Result % Limit 
grams 
0.003 Pass 17% 

Pass 8% 
Pass 0% 

0.003 Pass 0% 
Pass 8% 
Pass 8% 

0.01 Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
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Southwest Research Institute 

Calibration Certificate 
Calibration Laboratory 
Certificate # 3759.01 

Cost Center: 

Asset Number: 

01 CHEMISTRY & CHEMICAL ENGINEERING 

023331 

Certificate Number: 57059 

Calibrated: 7/28/2016 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

THERMOCOUPLE TYPE K 

DIG I-SENSE 

08516-96 

23331 

Calibration Procedure: TEMPERATURE PROBES 

Calibration Due: 7/28/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 76.5°F / 60 % 

Work Order# 403141269 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -20 °C TO 1000 °C 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 12/9/2016 

010281 HART SCIENTIFIC 5628 SPRT 4/29/2017 

010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/2016 

013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE!: 6/13/2017 

013908 HART SCIENTIFIC 5628 SPRT 2/24/2017 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-C 11/3/2016 

Calibrated By: MAR 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403141269 
Asset No.: 023331 
Serial No.: 23331 
Remarks: 

Function/Range Test Point 
Temperature C 

-20.1 
200.5 
499.2 
752.0 
1004.2 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Tl Reading Difference ± Limit 
C C C 

-19.0 1.1 2.2 
201.6 1.1 2.2 
498.9 -0.3 3.7 
749.6 -2.4 5.6 
999.1 -5.1 7.5 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 

Technician: Mark Romero 
Type Data: Found-left 
Cal Date: 28-Jul-16 

± Uncertainty Result % Limit 
C 

0.5 Pass 50% 
0.5 Pass 50% 
1.3 Pass 8% 
1.3 Pass 43% 
1.3 Pass 68% 
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Southwest Research Institute 

Cost Center: 

Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 
022940 

DIGITAL THERMOMETER 

DIG I-SENSE 

20250-02 

150709174 

Calibration Procedure: DIGITAL THERMOMETERS-MO 

Calibration Laboratory 
Certificate # 3759.01 

Certificate Number: 47748 

Calibrated: 3/2/2016 

Calibration Due: 3/2/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 74.1°F / 36 % 

WorkOrder# 403137647 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 

Standards Used To Calibrate Equipment 

Asset 
017979 

Manufacturer 
FLUKE 

Approved By 

Model 
5258 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 

Description 
CALIBRATOR, TEMPERATURE/PF 

Cal. Due Date 
9/23/2016 

Calibrated By: MAR 

Metrology Technician 

Page 1 of 1 



Work Order: 403137647 
Asset No.: 022940 
Serial No.: 150709174 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 20250-02 
Type: Temperature Meter 

Remarks: Due to resolution of the unit, limits are rounded up. 

Function/Range Test Point Tl Reading Difference 
T1 F F F 

Type K -300.0 -299.9 0.1 
390.0 390.2 0.2 
1075 1075 0 
1760 1760 0 
2450 2451 1 

oc oc oc 
-150.0 -150.1 -0.1 
210.0 210.1 0.1 
575.0 575.4 0.4 
940.0 940.4 0.4 
1350 1350 0 

T2 OF OF OF 

Type K -300.0 -299.7 0.3 
390.0 390.3 0.3 
1075 1075 0 
1760 1761 1 
2450 2451 1 

oc oc oc 
-150.0 -150.1 -0.1 
210.0 210.1 0.1 
575.0 575.3 0.3 
940.0 940.3 0.3 
1350 1350 0 

END OF REPORT 

U :\CC30\ICL \Data Sheets\Electrical\Digi-Sense 20250 _ 02 Mar 16 

Technician: Mark Romero 
Type Data: Found-left 
Cal Date: 2-Mar-16 

± Limit ± Uncertainty Result % Limit 
F F 

5.1 0.8 Pass 2% 
3.8 0.6 Pass 5% 
7 0.3 Pass 0% 

11 0.3 Pass 0% 
14 1.0 Pass 7% 

oc oc 
2.8 0.5 Pass 4% 
2.1 0.3 Pass 5% 
3.9 0.3 Pass 10% 
5.7 0.3 Pass 7% 
8 1.0 Pass 0% 

OF OF 

5.1 0.8 Pass 6% 
3.8 0.6 Pass 8% 
7 1.0 Pass 0% 
11 1.0 Pass 9% 
14 1.0 Pass 7% 

oc oc 
2.8 0.5 Pass 4% 
2.1 0.3 Pass 5% 
3.9 0.3 Pass 8% 
5.7 0.3 Pass 5% 
8 1.0 Pass 0% 
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Southwest Research Institute 

Cost Center: 

Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 

020917 

DATA LOGGER 

OMEGA 

OM-CP-PRHTEMP2000 

P28381 

Calibration Procedure: TEMPERATURE, HUMIDITY-D 

Calibration Laboratory 
Certificate# 3759.01 

Certificate Number: 55674 

Calibrated: 7/1/2016 

Calibration Due: 7/1/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 69 °F / 40 % 

Work Order# 403140685 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
Not referenced to sea level. 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model 
006404 THUNDER SCIENTIFIC 2500 

009414 HART SCIENTIFIC 1502A 

015895 HART SCIENTIFIC 5618B 

021448 FLUKE PPC4 

Authorized Signal 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 

Description Cal. Due Date 
HUMIDITY GENERATOR 5/25/2017 

TEMPERATURE METER W/PROBI 6/7/2017 

RTD 

Pressure Controller 

6/7/2017 

11/18/2016 

Calibrated By: RLC 

Metrology Technician 
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Work Order: 403140685 
Asset No.: 020917 
Serial No.: P28381 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr.: Omega 
Model: OM-CP-PRHTEMP2000 
Type: Data Logger 

Remarks: Pressure test points established per customer request. 

Function/Range Test Point Tl Reading Difference ± Limit 
Humidity %RH %RH %RH %RH 

35.0 37.1 2.1 3.0 
50.0 49.3 -0.7 
65.0 63.6 -1.4 

Temperature oc oc oc oc 
20.3 20.3 0.0 0.5 
25.0 24.9 -0.1 
29.9 29.8 -0.1 

Pressure psia psia psi psi 
12 11.994 -0.006 0.060 
18 18.002 0.002 
24 23.996 -0.004 
30 29.970 -0.030 

END OF REPORT 

Technician: 
Type Data: 
Cal Date: 

± Uncertainty 
%RH 
0.68 
0.68 
0.68 

oc 
0.18 
0.18 
0.18 

psi 
0.01 
0.02 

U:\CC30\ICL\Data Sheets\Temperature\Omega OM-CP-PRHTemp2000_01 Ju1 14.xlsx 

MAR/ RLC 
Found-left 
1-Jul-16 

Result % Limit 

Pass 70% 
Pass 23% 
Pass 47% 

Pass 0% 
Pass 20% 
Pass 20% 

Pass 10% 
Pass 3% 
Pass 7% 
Pass 50% 
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Southwest Research Institute 

Cost Center: 
Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 

022921 

TIMER 

FISHER SCIENTIFIC 

14-649-55 

80494146 

Calibration Procedure: STOPWATCHES & TIMERS 

Calibration Laboratory 
Certificate# 3759.01 

Certificate Number: 47078 

Calibrated: 2/19/2016 

Calibration Due: 2/19/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 73.6°F / 40 % 

Work Order# 403137 429 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 

Standards Used To Calibrate Equipment 

Asset 
009759 

Manufacturer 

FLUKE 

Approved By 

Model 
910R 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 

Description 
RUBIDIUM GPS FREQUENCY SH 

Cal. Due Date 
12/3/2019 

Calibrated By: CER 

Metrology Technician 
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Work Order: 403137429 
Asset No. 022921 
Serial No. 80494146 
Remarks: 

Function/Range Test Point 
Time Interval Seconds 

11160 
12960 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr. Fisher Scientific 
Model 14-649-55 
Type. Timer 

Tl Reading Difference 
Seconds Seconds 

11159 -1 
12959 -1 

END OF REPORT 

± Limit 
Seconds 

2 
2 

U:\CC30\ICL\Data Sheets\Frequency & Time\Stopwatch-Timer_18 Jan 12.xlsx 

Technician CER 
Type Data: Found/Left 
Cal Date. 19-Feb-16 

± Uncertainty Result % Limit 
Seconds 

1.2 Pass 50% 
1.2 Pass 50% 
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Southwest Research Institute 

Cost Center: 

Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 

023173 

THERMOCOUPLE TYPE K 

DI GI-SENSE 

08516-96 

23173 

Calibration Procedure: TEMPERATURE PROBES 

Calibration Laboratory 
Certificate # 3759.01 

Certificate Number: 53400 

Calibrated: 5/25/2016 

Calibration Due: 5/25/2017 

Data Type: FOUND / LEFT 

Temp./RH: 75.4°F / 57 % 

Work Order# 403139869 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -45 °C TO 200 °C. 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 12/9/2016 

010281 HART SCIENTIFIC 5628 SPRT 4/29/2017 

013908 HART SCIENTIFIC 5628 SPRT 2/24/2017 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-C 11/3/2016 

Calibrated By: MAR 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403139869 
Asset No.: 023173 
Serial No.: 23173 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Technician: Mark Romero 
Type Data: Found-left 
Cal Date: 25-May-16 

Remarks: a reading exceeded 70% of limits. No adjustment possible. Customer to determine if reading meets their 
requirements. 

Function/Range Test Point Tl Reading Difference ± Limit ± Uncertainty Result % Limit 
Temperature C C C C C 

-44.9 -43.2 1.7 2.2 0.5 Pass 77% 
0.0 0.1 0.1 2.2 0.5 Pass 5% 

99.7 99.0 -0.7 2.2 0.5 Pass 32% 
200.5 200.7 0.2 2.2 0.5 Pass 9% 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 Page 1 of 1 



Southwest Research Institute 

Calibration Certificate 
Calibration Laboratory 
Certificate# 3759.01 

Cost Center: 

Asset Number: 

01 CHEMISTRY & CHEMICAL ENGINEERING 

022925 

Certificate Number: 47207 

Calibrated: 2/22/2016 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

THERMOCOUPLE TYPE K 

DIG I-SENSE 

08516-96 

22925 

Calibration Procedure: TEMPERATURE PROBES 

Calibration Due: 2/22/2017 

Data Type: AS LEFT 

Temp./RH: 74.7°F / 38 % 

Work Order# 403137 433 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -45 °C TO 1100 °C. Limits at -45 °C ±3 °C, rest of range meets normal type K specifications. 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009414 HART SCIENTIFIC 1502A TEMPERATURE METER W/PROBI 6/22/2016 

010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/2016 

013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE E 5/8/2016 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-< 11/3/2016 

015895 HART SCIENTIFIC 56188 RTD 6/22/2016 

Calibrated By: MAR 
Approved By Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403137433 
Asset No.: 022925 
Serial No.: 22925 
Remarks: 

Function/Range Test Point 
Temperature C 

-79.1 
0.2 

396.7 
698.9 
1101.6 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Tl Reading Difference ± Limit 
C C C 

-75.9 3.2 2.2 
0.2 0.0 2.2 

396.4 -0.3 3.0 
698.5 -0.4 5.2 
1095.9 -5.7 8.3 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 

Technician: Mark Romero 
Type Data: As-found 
Cal Date: 18-Feb-16 

± Uncertainty Result % Limit 
C 

0.5 Fail 145% 
0.5 Pass 0% 
1.3 Pass 10% 
1.3 Pass 8% 
1.3 Pass 69% 
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Work Order: 403137433 
Asset No.: 022925 
Serial No.: 22925 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Technician: Mark Romero 
Type Data: As-left 
Cal Date: 22-Feb-16 

Remarks: customer requested limits for test point -45 'C be ±3 'C. A reading exceeded 70% of limits. Customer to 
determine if readings meet their requirements. 

Function/Range Test Point Tl Reading Difference ± Limit ± Uncertainty Result % Limit 
Temperature C C C C C 

-44.9 -42.5 2.4 3.0 0.5 Pass 80% 
0.2 0.2 0.0 2.2 0.5 Pass 0% 

396.7 396.4 -0.3 3.0 1.3 Pass 10% 
698.9 698.5 -0.4 5.2 1.3 Pass 8% 
1101.6 1095.9 -5.7 8.3 1.3 Pass 69% 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 Page 1 of 1 



Southwest Research Institute 

Calibration Certificate 
Calibration Laboratory 
Certificate # 3759.01 

Cost Center: 

Asset Number: 

01 CHEMISTRY & CHEMICAL ENGINEERING 

022923 

Certificate Number: 47205 

Calibrated: 2/22/2016 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

THERMOCOUPLE TYPE K 

DIG I-SENSE 

08516-96 

22923 
Calibration Procedure: TEMPERATURE PROBES 

Calibration Due: 2/22/2017 

Data Type: AS LEFT 

Temp./RH: 74.7°F I 38 % 

Work Order# 403137431 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -45 °C TO 1100 °C. Limits at -45 °C ±3 °C, rest of range meets normal type K specifications. 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009414 HART SCIENTIFIC 1502A TEMPERATURE METER W/PROBI 6/22/2016 

010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/2016 

013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE~ 5/8/2016 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-( 11/3/2016 

015895 HART SCIENTIFIC 5618B RTD 6/22/2016 

Calibrated By: MAR 

Approved By Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403137431 
Asset No.: 022923 
Serial No.: 22923 
Remarks: 

Function/Range Test Point 
Temperature C 

-79.1 
0.2 

396.7 
698.9 
1101.6 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Tl Reading Difference ± Limit 
C C C 

-76.3 2.8 2.2 
0.0 -0.2 2.2 

396.0 -0.7 3.0 
698.0 -0.9 5.2 
1094.9 -6.7 8.3 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 

Technician: Mark Romero 
Type Data: As-found 
Cal Date: 18-Feb-16 

± Uncertainty Result % Limit 
C 

0.5 Fail 127% 
0.5 Pass 9% 
1.3 Pass 24% 
1.3 Pass 17% 
1.3 Pass 81% 

Page 1 of 1 



Work Order: 403137431 
Asset No.: 022923 
Serial No.: 22923 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Technician: Mark Romero 
Type Data: As-left 
Cal Date: 22-Feb-16 

Remarks: customer requested limits for test point -45 'C be ±3 'C. A reading exceeded 70% of limits. Customer to 
determine if readings meet their requirements. 

Function/Range Test Point Tl Reading Difference ± Limit ± Uncertainty Result % Limit 
Temperature C C C C C 

-44.9 -43.0 1.9 3.0 0.5 Pass 63% 
0.2 0.0 -0.2 2.2 0.5 Pass 9% 

396.7 396.5 -0.2 3.0 1.3 Pass 7% 
698.9 698.0 -0.9 5.2 1.3 Pass 17% 
1101.6 1094.9 -6.7 8.3 1.3 Pass 81% 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 Page 1 of 1 



Southwest Research Institute 

Calibration Certificate 
Calibration Laboratory 
Certificate # 3759.01 

Cost Center: 

Asset Number: 

01 CHEMISTRY & CHEMICAL ENGINEERING 

023428 

Certificate Number: 59802 

Calibrated: 9/13/2016 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

THERMOCOUPLE PROBE TYPE K 

DI GI-SENSE 

08516-96 

23428 

Calibration Procedure: TEMPERATURE PROBES 

Calibration Due: 9/13/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 76.1°F / 58 % 

Work Order# 403142235 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -40 °C TO 1000 °C 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 12/9/2016 

010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/2016 

013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE E 6/13/2017 

013908 HART SCIENTIFIC 5628 SPRT 2/24/2017 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-< 11/3/2016 

Calibrated By: MAR 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403142235 
Asset No.: 023428 
Serial No.: 23428 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Probe Type K 

Technician: Mark Romero 
Type Data: Found-left 
Cal Date: 13-Sep-16 

Remarks: unit exceeded 70% of limits at low test point, near maximum allowed limit. No adjustment possible. Customer 
to determine if readings meet their needs. 

Function/Range Test Point Tl Reading Difference ± Limit ± Uncertainty Result % Limit 
Temperature C C C C C 

-39.9 -37.8 2.1 2.2 0.5 Pass? 95% 
99.8 98.9 -0.9 2.2 0.5 Pass 41% 

498.4 499.1 0.7 3.7 1.3 Pass 19% 
751.8 751.8 0.0 5.6 0.5 Pass 0% 
1006.9 1004.8 -2.1 7.6 1.3 Pass 28% 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 Page 1 of 1 



Southwest Research Institute 

Calibration Certificate 
Calibration Laboratory 
Certificate # 3759.01 

Cost Center: 

Asset Number: 
01 CHEMISTRY & CHEMICAL ENGINEERING 
023328 

Certificate Number: 57056 

Calibrated: 7/28/2016 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

THERMOCOUPLE TYPE K 

DIGI-SENSE 

08516-96 

23328 

Calibration Procedure: TEMPERATURE PROBES 

Calibration Due: 7/28/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 76.5°F / 60 % 

Work Order# 403141266 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -20 °C TO 1000 °C 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 12/9/2016 

010281 HART SCIENTIFIC 5628 SPRT 4/29/2017 

010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/2016 

013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE !: 6/13/2017 

013908 HART SCIENTIFIC 5628 SPRT 2/24/2017 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-( 11/3/2016 

Calibrated By: MAR 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403141266 
Asset No.: 023328 
Serial No.: 23328 
Remarks: 

Function/Range Test Point 
Temperature C 

-20.1 
200.5 
499.2 
752.0 
1004.2 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Tl Reading Difference ± Limit 
C C C 

-19.1 1.0 2.2 
201.5 1.0 2.2 
499.6 0.4 3.7 
750.7 -1.3 5.6 
1000.8 -3.4 7.5 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 

Technician: Mark Romero 
Type Data: Found-left 
Cal Date: 28-Jul-16 

± Uncertainty Result % Limit 
C 

0.5 Pass 45% 
0.5 Pass 45% 
1.3 Pass 11% 
1.3 Pass 23% 
1.3 Pass 45% 

Page 1 of 1 



Southwest Research Institute 

Cost Center: 
Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 

023174 

THERMOCOUPLE TYPE K 

DIGI-SENSE 

08516-96 

23174 

Calibration Procedure: TEMPERATURE PROBES 

Calibration Laboratory 
Certificate # 3759.01 

Certificate Number: 53401 

Calibrated: 5/25/2016 

Calibration Due: 5/25/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 75.4°F / 57 % 

Work Order# 403139870 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -45 °C TO 200 °C. 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 12/9/2016 

010281 HART SCIENTIFIC 5628 SPRT 4/29/2017 

013908 HART SCIENTIFIC 5628 SPRT 2/24/2017 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-C 11/3/2016 

Calibrated By: MAR 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403139870 
Asset No.: 023174 
Serial No.: 23174 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Technician: Mark Romero 
Type Data: Found-left 
Cal Date: 25-May-16 

Remarks: a reading exceeded 70% of limits. No adjustment possible. Customer to determine if reading meets their 
requirements. 

Function/Range Test Point Tl Reading Difference ± Limit ± Uncertainty Result % Limit 
Temperature C C C C C 

-44.9 -43.0 1.9 2.2 0.5 Pass 86% 
0.0 0.3 0.3 2.2 0.5 Pass 14% 

99.7 99.4 -0.3 2.2 0.5 Pass 14% 
200.5 200.8 0.3 2.2 0.5 Pass 14% 

END OF REPORT 
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Southwest Research Institute 

Calibration Certificate 
Calibration Laboratory 
Certificate # 3759.01 

Cost Center: 

Asset Number: 

01 CHEMISTRY & CHEMICAL ENGINEERING 

023323 

Certificate Number: 57053 

Calibrated: 7/27/2016 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

THERMOCOUPLE TYPE K 

DI GI-SENSE 

08516-96 

23323 

Calibration Procedure: TEMPERATURE PROBES 

Calibration Due: 7/27/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 77.2°F / 53 % 

Work Order# 403141261 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 
CAL -20 °C TO 1000 °C 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 12/9/2016 

010281 HART SCIENTIFIC 5628 SPRT 4/29/2017 

010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/2016 

013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE !: 6/13/2017 

013908 HART SCIENTIFIC 5628 SPRT 2/24/2017 

015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-( 11/3/2016 

Calibrated By: MAR 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403141261 
Asset No.: 023323 
Serial No.: 23323 
Remarks: 

Function/Range Test Point 
Temperature C 

-20.1 
200.5 
497.6 
752.0 
1004.1 

Mfr: 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Digi-Sense 
Model: 08516-96 
Type: Thermocouple Type K 

Tl Reading Difference ± Limit 
C C C 

-19.1 1.0 2.2 
201.7 1.2 2.2 
499.2 1.6 3.7 
754.5 2.5 5.6 
1006.1 2.0 7.5 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_29 Dec 15 

Technician: Mark Romero 
Type Data: Found-left 
Cal Date: 27-Jul-16 

± Uncertainty Result % Limit 
C 

0.5 Pass 45% 
0.5 Pass 55% 
1.3 Pass 43% 
1.3 Pass 44% 
1.3 Pass 27% 

Page 1 of 1 



Southwest Research Institute 

Cost Center: 

Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 

020014 

BALANCE 

METTLER 

XS205DU 

8338797310 

Calibration Procedure: BALANCES & SCALES 

Calibration Laboratory 
Certificate # 3759.01 

Certificate Number: 61226 

Calibrated: 10/10/2016 

Calibration Due: 10/10/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 70 °F / 44 % 

Work Order# 403142842 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
001704 TROEMNER 1 G WEIGHT CLASS 1 12/10/2016 

001705 TROEMNER 2G WEIGHT CLASS 1 6/30/2017 

001706 RICE LAKE 2G WEIGHT CLASS 1 7/7/2017 

001707 TROEMNER 5G WEIGHT CLASS 1 8/3/2017 

001708 RICE LAKE 10 G WEIGHT CLASS 1 7/14/2017 

001709 TROEMNER 20 G WEIGHT CLASS 1 8/3/2017 

001710 TROEMNER 20G WEIGHT CLASS 1 8/3/2017 

Calibrated By: RRV 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 2 



001711 

001712 

001713 

Southwest Research Institute 

Calibration Certificate 
TROEMNER 

TROEMNER 

RICE LAKE 

Authorized Signal 

50G 

100 G 

200 G 

WEIGHT CLASS 1 

WEIGHT CLASS 1 

WEIGHT CLASS 1 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 

Calibration Laboratory 
Certificate # 3759.01 

6/30/2017 

8/3/2017 

7/14/2017 

Calibrated By: RRV 

Metrology Technician 

Page 2 of 2 



Work Order: 403142842 
Asset No.: 020014 
Serial No.: B338797310 
Remarks: 

Function/Range Applied 
Corner Load grams 
Reference 100 
Left Front 
Left Rear 

Right Rear 
Right Front 

Repeatability 
< 81 g Range 

1 80 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Std Deviation 

< 220 g Range 
1 200 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Std Deviation 

Function/Range Applied 
Direct Weighing grams 
< 81 g Range 0.00000 

7.99999 
16.00000 
23.99999 
32.00000 
39.99992 
47.99991 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: XS205DU 
Tvoe: Balance 

Tl Reading Difference 
grams grams 

100.0000 0.0000 
99.9999 -0.0001 
100.0000 0.0000 
99.9998 -0.0002 

79.99999 
79.99998 
79.99999 
79.99998 
79.99998 
79.99999 
80.00000 
79.99998 
80.00000 
79.99998 
0.000008 

200.0000 
200.0000 
200.0001 
200.0001 
200.0000 
200.0002 
200.0002 
200.0002 
200.0001 
200.0002 
0.00009 

Tl Reading Difference 
grams milligrams 

0.00000 0.00 
7.99999 0.00 
16.00000 0.00 
24.00004 0.05 
32.00005 0.05 
40.00002 0.10 
47.99995 0.04 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler XS205DU (200 g)_28 Sep 16 

Technician: RRV 
Type Data: Found-left 
Cal Date: 1 O-Oct-16 

± Limit Result % Limit 
grams 

0.0006 Pass 0% 
Pass 17% 
Pass 0% 
Pass 33% 

0.00008 Pass 10% 

0.00020 Pass 45% 

± Limit ± Uncertainty Result % Limit 
milligrams milligrams 

0.40 0.07 Pass 0% 
Pass 0% 
Pass 0% 
Pass 13% 
Pass 13% 
Pass 25% 
Pass 10% 

Page 1 of 2 



Work Order: 403142842 
Asset No.: 020014 
Serial No.: B338797310 

Function/Range A[2[2lied 
Direct Weighing (Cont) grams 

< 81 g Range 55.99994 
64.00000 
71.99994 
79.99995 

Direct Weighing 0.0000 
< 220 g Range 20.0000 

39.9999 
60.0000 
80.0000 
100.0000 
119.9999 
139.9999 
159.9999 
179.9999 
200.0002 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: XS205DU 
Type: Balance 

Tl Reading Difference 
grams milligrams 

55.99998 0.04 
64.00002 0.02 
71.99995 0.01 
79.99995 0.00 

0.0000 0.0 
19.9999 -0.1 
39.9999 0.0 
59.9999 -0.1 
80.0000 0.0 
99.9999 -0.1 

119.9999 0.0 
139.9999 0.0 
159.9998 -0.1 
179.9998 -0.1 
200.0000 -0.2 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler XS205DU (200 g)_28 Sep 16 

Technician: RRV 
Type Data: Found-left 
Cal Date: 10-0ct-16 

± Limit ± Uncertainty Result % Limit 
milligrams milligrams 

0.40 0.07 Pass 10% 
Pass 5% 
Pass 3% 
Pass 0% 

0.4 0.21 Pass 0% 
Pass 25% 
Pass 0% 
Pass 25% 
Pass 0% 
Pass 25% 
Pass 0% 
Pass 0% 
Pass 25% 
Pass 25% 
Pass 50% 

Page 2 of 2 



Southwest Research Institute 

Cost Center: 

Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 

009065 

BALANCE 

METTLER 

PR2003DR 

1120351000 

Calibration Procedure: BALANCES & SCALES 

Calibration Laboratory 
Certificate # 3759.01 

Certificate Number: 55298 

Calibrated: 6/24/2016 

Calibration Due: 6/24/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 71 °F / 54 % 

Work Order# 403140638 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or other 
national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant requirements of ISO 
9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute Calibration Laboratory and shall 
not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due for 
recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out of 
tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after adjustment 
or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or greater than 70 
percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and it is not possible to 
state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or implied by this certificate. 
The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in Measurement" 
(GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached Measurement 
Report with the same Work Order number for data. 

Remarks: 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
001711 TROEMNER 50G WEIGHT CLASS 1 7/2/2016 

001712 TROEMNER 100 G WEIGHT CLASS 1 7/29/2016 

001713 RICE LAKE 200 G WEIGHT CLASS 1 9/30/2016 

001714 TROEMNER 200 G WEIGHT CLASS 1 1/13/2017 

001715 RICE LAKE 500 G WEIGHT CLASS S 7/8/2016 

001716 RICE LAKE 1 KG WEIGHT CLASS 1 4/6/2017 

001717 RICE LAKE 2 KG WEIGHT CLASS 1 4/6/2017 

Calibrated By: RRV 
Authorized Signatory Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1 



Work Order: 403140638 
Asset No.: 009065 
Serial No.: 1120351000 
Remarks: 

Function/Range Applied 
Corner Load grams 

Left Front 1000 
Left Rear 

Right Rear 
Right Front 

Repeatability 
500 gram Range 

1 200 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Std Deviation 

2000 gram Range 
1 1000 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Std Deviation 

Function/Range Applied 
Direct Weighing grams 
500 gram Range 0.000 

50.000 
100.000 
150.000 
200.000 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: PR2003DR 
Type: Balance 

Tl Reading Difference 
grams grams 

1000.000 0.000 
1000.000 0.000 
1000.000 0.000 
1000.000 0.000 

200.000 
200.001 
200.002 
200.000 
200.000 
200.001 
200.002 
200.000 
200.001 
200.000 
0.0008 

1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
0.000 

Tl Reading Difference 
grams grams 
0.000 0.000 

50.000 0.000 
100.001 0.001 
150.001 0.001 
200.001 0.001 

± Limit 

grams 
0.006 

0.0020 

0.006 

± Limit 

grams 
0.004 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler PR2003DR (2 kg)_ 19 Jun 14 

Technician: RRV 
Type Data: Found-left 
Cal Date: 24-Jun-16 

Result % Limit 

Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 

Pass 40% 

Pass 0% 

± Uncertainty Result % Limit 
grams 
0.0018 Pass 0% 

Pass 0% 
Pass 25% 
Pass 25% 
Pass 25% 

Page 1 of 2 



Work Order: 403140638 
Asset No.: 009065 
Serial No.: 1120351000 

Function/Range Aeplied 
Direct Weighing (cont.) grams 

500 gram Range 250.000 
300.000 
350.000 
400.000 
450.000 
500.000 

Direct Weighing 0.00 
2000 gram Range 200.00 

400.00 
600.00 
800.00 

1000.00 
1200.00 
1400.00 
1600.00 
1800.00 
2000.00 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: PR2003DR 
Type: Balance 

Tl Reading Difference 
grams grams 

250.001 0.001 
300.001 0.001 
350.001 0.001 
400.000 0.000 
450.000 0.000 
500.000 0.000 

0.00 0.00 
200.00 0.00 
400.00 0.00 
600.00 0.00 
800.00 0.00 
1000.00 0.00 
1200.00 0.00 
1400.00 0.00 
1600.00 0.00 
1800.00 0.00 
2000.00 0.00 

END OF REPORT 

± Limit 

grams 
0.004 

0.01 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler PR2003DR (2 kg)_ 19 Jun 14 

Technician: RRV 
Type Data: Found-left 
Cal Date: 24-Jun-16 

± Uncertainty Result % Limit 
grams 
0.0018 Pass 25% 

Pass 25% 
Pass 25% 
Pass 0% 
Pass 0% 
Pass 0% 

0.012 Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
Pass 0% 
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Southwest Research Institute 

Cost Center: 

Asset Number: 

Description: 

Manufacturer: 

Model Number: 

Serial Number: 

Calibration Certificate 

01 CHEMISTRY & CHEMICAL ENGINEERING 
014982 

BALANCE 

METTLER 

XP5003SDR 

1129300727 

Calibration Procedure: BALANCES & SCALES 

Calibration Laboratory 
Certificate# 3759.01 

Certificate Number: 60532 

Calibrated: 9/28/2016 

Calibration Due: 9/28/2017 

Data Type: FOUND/ LEFT 

Temp./RH: 72 °F / 51 % 

Work Order# 403142529 

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or 
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant 
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute 
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government. 

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due 
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out 
of tolerance condition before this date. 

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after 
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or 
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and 
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or 
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended 
use of the instrument. 

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in 
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached 
Measurement Report with the same Work Order number for data. 

Remarks: 

Standards Used To Calibrate Equipment 

Asset Manufacturer Model Description Cal. Due Date 
001712 TROEMNER 100 G WEIGHT CLASS 1 8/3/2017 

001713 RICE LAKE 200 G WEIGHT CLASS 1 7/14/2017 

001714 TROEMNER 200 G WEIGHT CLASS 1 1/13/2017 

001715 RICE LAKE 500 G WEIGHT CLASS S 7/7/2017 

001716 RICE LAKE 1 KG WEIGHT CLASS 1 4/6/2017 

001717 RICE LAKE 2KG WEIGHT CLASS 1 4/6/2017 

001718 RICE LAKE 2 KG WEIGHT CLASS 1 4/6/2017 

Calibrated By: RRV 
Authorized Signal Metrology Technician 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 2 



001719 

Southwest Research Institute 

Calibration Certificate 
RICE LAKE 5KG WEIGHT CLASS 1 

Authorized Signal 

Institute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 

Calibration Laboratory 
Certificate # 3759.01 

4/6/2017 

Calibrated By: RRV 
Metrology Technician 

Page 2 of 2 



Work Order: 403142529 
Asset No.: 014982 
Serial No.: 1129300727 
Remarks: 

Function/Range Apelied 
Corner Load grams 

Left Front 1000 
Left Rear 

Right Rear 
Right Front 

Repeatability 
1000 g Range 

1 500 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Std Deviation 

5100 g Range 
1 2000 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Std Deviation 

Function/Range Applied 
Direct Weighing grams 
1000 g Range 0.000 

100.000 
200.000 
300.000 
400.000 
500.001 
600.001 
700.001 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: XP5003SDR 
Type: Balance 

Tl Reading Difference 
grams grams 

999.999 -0.001 
999.999 -0.001 
999.998 -0.002 
999.999 -0.001 

500.001 
500.001 
500.000 
500.001 
500.001 
500.000 
500.000 
500.001 
500.000 
500.001 
0.0005 

2000.00 
2000.00 
2000.00 
2000.00 
2000.00 
2000.00 
2000.00 
2000.00 
2000.00 
2000.00 

0.000 

Tl Reading Difference 
grams grams 
0.000 0.000 

100.002 0.002 
200.001 0.001 
300.001 0.001 
400.002 0.002 
500.002 0.001 
600.002 0.001 
700.000 -0.001 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler XP5003SDR (5 kg)_28 Sep 16 

Technician: RRV 
Type Data: Found-left 
Cal Date: 28-Sep-16 

± Limit Result % Limit 
grams 
0.010 Pass 10% 

Pass 10% 
Pass 20% 
Pass 10% 

0.0020 Pass 25% 

0.012 Pass 0% 

± Limit ± Uncertainty Result %Limit 
grams grams 
0.012 0.003 Pass 0% 

Pass 17% 
Pass 8% 
Pass 8% 
Pass 17% 
Pass 8% 
Pass 8% 
Pass 8% 

Page 1 of 2 



Work Order: 403142529 
Asset No.: 014982 
Serial No.: 1129300727 

Function/Ran~e Applied 
Direct Weighing (Cont) grams 

1000 g Range 800.001 
900.000 
999.999 

5100 g Range 0.000 
500.001 
999.999 
1500.00 
2000.00 
2500.00 
3000.00 
3500.00 
4000.00 
4500.00 
5000.00 

Southwest Research Institute 
Calibration Laboratory 
Measurement Report 

Mfr: Mettler 
Model: XP5003SDR 
Type: Balance 

Tl Readin~ Difference 
grams grams 

800.003 0.002 
900.003 0.003 
1000.000 0.001 

0.000 0.000 
500.000 -0.001 
999.999 0.000 
1499.99 -0.01 
2000.00 0.00 
2500.00 0.00 
2999.99 -0.01 
3499.99 -0.01 
4000.00 0.00 
4500.00 0.00 
5000.00 0.00 

END OF REPORT 

U:\CC30\ICL\Data Sheets\Mass\Balances\Mettler XP5003SDR (5 kg)_28 Sep 16 

Technician: RRV 
Type Data: Found-left 
Cal Date: 28-Sep-16 

± Limit ± Uncertainty Result % Limit 
grams grams 
0.012 0.003 Pass 17% 

Pass 25% 
Pass 8% 

0.012 0.003 Pass 0% 
Pass 8% 
Pass 0% 

0.02 0.01 Pass 50% 
Pass 0% 
Pass 0% 
Pass 50% 
Pass 50% 
Pass 0% 
Pass 0% 
Pass 0% 
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SOUTHWEST RESEARCH INSTITUTE 
CLIENT: Los Alamos National Laboratory 
SwRI PROJECT#: 21592.01.00X 
SwRI TASK ORDER: 161026-1 
SwRI SRR: 58485, 58617 
SDG: 605029 
VTSR: 10.11.2016, 11.01.2016 

Certificates of Analysis 

for Chemicals 



Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 

Page 1 of 1 

Certificate of Analysis 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201.796.1329 fax 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: 

Catalog Number ISB101 Quality Test/ Release Date 2/24/2016 

Lot Number 1160779 Expiration Date Feb/18 

Description I BUFFER SOLUTION, PH 4.00, CERTIFIED 

Country of Origin United States I 
Chemical Origin Organic - non animal 

No aniimal products are used as starting raw material ingredients, or used in 
BSE/TSE Comment processing, including lubricants, processing aids, or any other material that might 

migrate to the finished product. 

This material does not contain any potential allergens, including peanuts, milk, wheat, 
Chemical Comment eggs, gluten, or soybean and does not contain any genetically modified organisms 

(GMO's) 

Result name Units Specifications Test Value 

APPEARANCE REPORT Clear, Red Liquid 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

POT 
NIST STD USED: pH 4 HYDROGEN = LOT 1851 LOT 1851 

PHTHAL 

POTDIHYDRO NIST STD USED: pH 7a PHOS = LOT 1861G LOT 1861G 

DISOD HYDRO NIST STD USED: pH 7b PHOS = LOT 18611G LOT 18611G 

OPTICAL ABSORBANCE PASS/FAIL = PASS TEST PASS TEST 

PH AT 25 DEGREES C Inclusive Between 3.99 - 4.01 4.00 

TRACEABLE TO NIST PASS/FAIL = PASS TEST PASS TEST 

CffiTIFIEDBY I �~� �~� 
Quality Control Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 

Page 1 of 1 

Certificate of Analysis 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: 

Catalog NumberlSB107 Quality Test/ Release Date 3/10/2016 

Lot Number 1160909 Expiration Date Mar/18 

Description !BUFFER SOLUTION, CERTIFIED, PH 7.00 

Country of Origin United States I 
Chemical Origin Organic - non animal 

No animal products are used as starting raw material ingredients, or used in 
BSE/TSE Comment processing, including lubricants, processing aids, or any other material that might 

migrate to the finished product. 

Result name Units Specifications Test Value 

APPEARANCE REPORT Clear, yellow liquid 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

NIST STD: pH 9.180 BORAX = LOT 187E LOT 187E 

NIST STD USED: pH 7a POT DIHYDRO = LOT 1861G LOT 1861G PHOS 

NIST ·sTD USED: pH 7b DISOD HYDRO = LOT 18611G LOT 18611G PHOS 

OPTICAL ABSORBANCE PASS/FAIL = PASS TEST PASS TEST 

PH AT 25 DEGREES C Inclusive Between 6.99 - 7.01 7.00 

TRACEABLE TO NIST PASS/FAIL = PASS TEST PASS TEST 

c--J-~~=--
aRTIFlED BY I �~� - �~� �~� 

Quality Control Manager Fair Lawn 
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Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
0 above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 

*Based on suggested storage condition. E 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201.796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0090918 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been ci 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. E 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: Jg 

Catalog Number ISB115 Quality Test I Release Date 5/4/2016 

Lot Number 1162803 Expiration Date May/18 

Description !BUFFER SOLUTION, PH 10.00, CERTIFIED 

Country of Origin United States I 
Chemical Origin Organic - non animal 

No animal products are used as starting raw material ingredients, or used in 
BSE/TSE Comment processing, including lubricants, processing aids, or any other material that might 

migrate to the finished product. 

Result name Units Specifications 

APPEARANCE REPORT 

IDENTIFICATION PASS/FAIL = PASS TEST 

SOD NIST STD USED: pH 10 BICARBONATE = LOT 1910 

SOD NIST STD USED: pH 10 CARBONATE = LOT 1910 

NIST STD USED: pH 7a POT DIHYDRO = LOT1861G PHOS 

DISOD HYDRO NIST STD USED: pH 7b PHOS = LOT 18611G 

OPTICAL ABSORBANCE PASS/FAIL = PASS TEST 

PH AT 25 DEGREES C Inclusive Between 9.98 - 10.02 

TRACEABLE TO NIST PASS/FAIL = PASS TEST 

C'..ERTIREDBY I �~� �~� 
Quality Control Manager Fair Lawn 

Test Value 

Clear, blue liquid 

PASS TEST 

LOT 1910 

LOT 1910 

LOT 1861G 

LOT 18611G 

PASS TEST 

9.99 

PASS TEST 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Product: 

Catalog Number: 

Lot No. 

Certificate Issue Date: 

Expiration Date: 

Revision Number: 

CERTIFICATION 

Parameter 

ipH 

WatR™ Pollution pH 

977 

P246-977 

November 25, 2015 

November 30, 2018 

Original 

Certified 
Value 1 

s.u. 
6.12 

ANALYTICAL VERIFICATION 

,parameter 

pH 

Certified 
Value 1 

s.u. 
6.12 

Reference Materials N 
N 
N .,... 

• Certificate of Analysis • ; 

Uncertainty2 

% 

0.969 

QC Perlormance 
Acceptance Limitss 

s.u. 
6.01 - 6.24 

Proficiency Testing Study 

PT Perlormance 
Acceptance· Limits4 

s.u. 
5.92 - 6.32 

NIST Traceability 

i 
N 
N 
N 

SRM Number Recovery 
.,... 
r:: Mean Recoverys n 

s.u. % 

6.11 99.9 494 

% 

185i 100 

0 

'.E 
i(I) 
Le 
0 

O'.'. 

�~� 

N 
N 
N .,... 
t--

Page 1 of 2 Lot: P246-97! 
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0 
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Reference Materials 
�~� 
N ..... 

• Certificate of Analysis • �~� 

1. The Certified Values are the actual "made-to" concentrations confirmed by ERA analytical verification. The certified values are monitored and purchasers 
will be notified of any significant changes resulting in recertification or withdrawal of this certified reference material during the period of validity of this 
certificate. 

2. The Uncertainty is the total propagated uncertainty at the 95% confidence interval. The uncertainty is based on the preparation and internal analytical 
verification of the product by ERA, multiplied by a coverage factor. The uncertainty applies to the product as supplied and does not take into account any 
required or optional dilution and/or preparations the laboratory may perform while using this product. 

3. The QC Performance Acceptance Limits (QC PALs™)are based on actual historical data collected in ERA's Proficiency Testing program. The QC 
PALs™ reflect any inherent biases in the methods used to establish the limits and closely approximate a 95% confidence interval of the performance that 
experienced laboratories should achieve using accepted environmental methods. Use the QC PALs ™ to realistically evaluate your performance against 
your peers. 

4. The PT Performance Acceptance Limits (PT PALs™) are calculated using the regression equations and fixed acceptance criteria specified in the 
NELAC proficiency testing requirements. Use the PT PALsTM when analyzing this QC standard alongside USEPA and NELAC compliant PT standards. 
Please note that many PT study acceptance limits are concentration dependent (some non-linearly) and, therefore, the acceptance limits of this QC 
standard and any PT standard may differ relative to their difference in concentrations. 

5. The PT Data/Traceability data include the mean value, percent recovery and number of data points reported by the laboratories in our Proficiency 
Testing study compared to the Certified Values. In addition, where NIST Standard Reference Materials (SRMs) are available, each analyte has been 
analytically traced to the NIST SRM listed. This product is traceable to the lot numbers of its starting materials. All gravimetric and volumetric measurements 
related to its manufacture are traceable to NIST through an unbroken chain of comparisons. 
Traceability Recovery(%)=[(% recovery certified standard)/(% recovery NIST SRM)]*100 
The traceability data shown were compiled by analyzing the ERA standards or their associated stock solutions against the applicable NIST SRMs. 

6. For additional information on this product such as intended use, instructions for use, level of homogeneity, and safety information, please refer to the 
provided Instruction Sheet 

If you have any questions or need technical assistance, please call ERA technical assistance 
at 1-800-372-0122 or send an email to info@eraqc.com. 

Certifying Officer 

Tom Widera 

Quality Officer 

David Kilhefner 

N 
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SIGMA-ALDRICH0 

3050 Spruce Street, Saint Louis, MO 63103 USA 
Email USA: techserv@sial.com Outside USA: eurtechserv@sial.com 

Certifi Analysis 

Product Name: 

Product Number: 

Batch Number: 

Brand: 

GAS Number: 

Formula: 

Formula Weight: 

Quality Release Date: 

TEST 

APPEARANCE (COLOR) 

APPEARANCE(FORM) 

TITRATION (KT) EDTA 0.1M 

INFRARED SPECTRUM 

ACS SPECIFICATIONS 

REMARKS ON ACS 

CALCIUM (ICP) 

IRON (ICP) 

POTASSIUM (ICP) 

MAGNESIUM (ICP) 

SODIUM (ICP) 

TOTAL SULFUR AS S04 (ICP) 

CHLORIDE (CL) 

ALUMINUM NITRATE NONAHYDRATE 

ACS reagent, >= 98 % 

237973 

BCBQ1780V 

Sigma-Aldrich 

7784-27-2 

Al(N03)3 • 9Hp 

375.13 

10 JUN 2015 

SPECIFICATION 

WHITE 

CRYSTALS 

98.0 - 102.0 % 

CONFORMS TO STRUCTURE 

MEETS REQUIREMENTS OF ACS 10TH 

ED 

INSOLUBLE MATTER s 0.005 % 

HEAVY METALS (AS PB) s 0.001 % 

s 50 MG/KG 

s20 MG/KG 

s20 MG/KG 

s 10 MG/KG 

s 50 MG/KG 

s50 MG/KG 

s 10 MG/KG 

/? . C (!:~ �~� )e,Ur 
Manager Quality Control 

Buchs, Switzerland 

RESULT 

WHITE 

CRYSTALS 

99.6% 

CONFORMS 

CORRESPONDS TO ACS (10TH ED.) 

INSOLUBLE MATTER< 0.005 % 

HEAVY METALS (AS PB)< 0.001 % 

<50 MG/KG 

<20 MG/KG 

<20 MG/KG 

< 10 MG/KG 

<50 MG/KG 

<50 MG/KG 

< 10 MG/KG 

Sigma-Aldrich warrants that at the time of the quality release or subsequent retest date this product conformed to the information contained in this publication. The current 

specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser must determine the suitability of the product 

for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale. 

Sigma-Aldrich Certificate of Analysis - Product 237973 Lot BCBQ1780V Page 1 of 1 
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SIGMA-ALDRICH® sigma-aldrich,com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

8nail USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
Caltlum n It rate tetrahydrate - ACS reagent, 99% 

Product Number: 

Batch Number: 

Brand: 

CAS Number: 

MDL Number: 

Formula: 

Formula Weight: 

Quality Release Date: 

Recommended Retest 

Test 

Appearance (Color) 

Appearance (Form) 

237124 

MKBP5435V 

SIAL 

134 77-34-4 

MFCD00149604 

CaN206 · 4H20 

236.15 g/mol 

25 JUN 2013 

Date: MAY 2016 

Granular Powder or Crystals or Flakes 

Complexometric EDTA 

X-Ray Diffraction 

pH 

c = 5%, Water, 25 Deg C 

Insoluble matter 

c = 10%, Water 

Chloride Content 

Nitrite 

Sulfate (S04) 

Barium 

Heavy Metals 

as Pb 

Iron (Fe) 

Magnesium (Mg) 

Potassium (K) 

Sodium (Na) 

Strontium (Sr) 

Meets ACS Requirements 

Tenth Edition 

Ca(N03)2 • 4H 20 

Specification Result 

White White 

Conforms to Requirements Crystals 

99.0 - 103.0 % 100.0 % 

Conforms to Structure Conforms 

5.0 - 7.0 5.3 

< 0.005 % 0.001 % 

< 0.005 % < 0.005 % 

< 0.001 % < 0.001 % 

< 0.002 % < 0.002 % 

< 0.005 % < 0.001 % 

< 5.0 ppm < 4.7 ppm 

< 5.0 ppm < 0.4 ppm 

< 0.05 % < 0.01 % 

< 0.005 % < 0.001 % 

< 0.01 % < 0.01 % 

< 0.05 % 0.01 % 

Current ACS Specification Conforms 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 
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SIGMA-ALDRICH® sigma-a/dricb.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Certificate of Analysis 
Product Number: 

Batch Number: 

Test 

Recommended Retest Period 

3 Years 

Jamie Gleason, Manager 

Quality Control 

Milwaukee, Wisconsin US 

237124 

MKBP5435Y 

Specification Result 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 
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SIGMA-ALDRICH® s/gma-a/drich,com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
Calcium nitrate tetra.hydrate - ACS reagent, 99% 

Product Number: 

Batch Number: 

Brand: 

CAS Number: 

MDL Number: 

Formula: 

Formula Weight: 

Quality Release Date: 

Recommended Retest 

Test 

Appearance (Color) 

Appearance (Form) 

237124 

MKBP5435V 

SIAL 

13477-34-4 

MFCD00149604 

CaN206 · 4H20 

236.15 g/mol 

25 JUN 2013 

Date: MAY 2016 

Granular Powder or Crystals or Flakes 

Complexometric EDTA 

X-Ray Diffraction 

pH 

c = 5%, Water, 25 Deg C 

Insoluble matter 

c = 10%, Water 

Chloride Content 

Nitrite 

Sulfate (804) 

Barium 

Heavy Metals 

as Pb 

Iron (Fe) 

Magnesium (Mg) 

Potassium (K) 

Sodium (Na) 

Strontium (Sr) 

Meets ACS Requirements 

Tenth Edition 

Ca(N03b • 4H20 

Specification Result 

White White 

Conforms to Requirements Crystals 

99.0 - 103.0 % 100.0 % 
Conforms to Structure Conforms 

5.0 - 7.0 5.3 

< 0.005 % 0.001 % 

< 0.005 % < 0.005 % 

< 0.001 % < 0.001 % 

< 0.002 % < 0.002 % 

< 0.005 % < 0.001 % 

< 5.0 ppm < 4.7 ppm 

< 5.0 ppm < 0.4 ppm 

< 0.05 % < 0.01 % 

< 0.005 % < 0.001 % 

< 0.01 % < 0.01 % 

< 0.05 % 0.01 % 

Current ACS Specification Conforms 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 
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SIGMA-ALDRICH® sigma-a/drich.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Certificate of Analysis 
Product Number: 

Batch Number: 

Test 

Recommended Retest Period 

3 Years 

Jamie Gleason, Manager 

Quality Control 

Milwaukee, Wisconsin US 

237124 

MKBP5435V 

Specification Result 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 

Version Number: 1 Page 2 of 2 
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SIGMA-ALDRICH0 

sigma-a/drich.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
Calt:lum nitrate tetrahydrate - ACS reagent, 99% 

Product Number: 

Batch Number: 

Brand: 

CAS Number: 

MDL Number: 

Formula: 

Formula Weight: 

Quality Release Date: 

Recommended Retest 

Test 

Appearance (Color) 

Appearance (Form) 

237124 

MKBP5435V 

SIAL 

134 77-34-4 

MFCD00149604 

CaN206 · 4H20 

236.15 g/mol 

25 JUN 2013 

Date: MAY 2016 

Granular Powder or Crystals or Flakes 

Complexometric EDTA 

X-Ray Diffraction 

pH 

c = 5%, Water, 25 Deg C 

Insoluble matter 

c = 10%, Water 

Chloride Content 

Nitrite 

Sulfate (S04) 

Barium 

Heavy Metals 

as Pb 

Iron (Fe) 

Magnesium (Mg) 

Potassium (K) 

Sodium (Na) 

Strontium (Sr) 

Meets ACS Requirements 

Tenth Edition 

Ca(N03b • 4H20 

Specification Result 

White White 

Conforms to Requirements Crystals 

99.0 - 103.0 % 100.0 % 

Conforms to Structure Conforms 

5.0 - 7.0 5.3 

< 0.005 % 0.001 % 

< 0.005 % < 0.005 % 

< 0.001 % < 0.001 % 

< 0.002 % < 0.002 % 

< 0.005 % < 0.001 % 

< 5.0 ppm < 4.7 ppm 

< 5.0 ppm < 0.4 ppm 

< 0.05 % < 0.01 % 

< 0.005 % < 0.001 % 

< 0.01 % < 0.01 % 

< 0.05 % 0.01 % 

Current ACS Specification Conforms 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 

Version Number: 1 Page 1 of 2 
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SIGMA-ALDRICH® sigma-a/drid1.<orn 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Certificate of Analysis 
Product Number; 

Batch Number: 

Test 

Recommended Retest Period 

3 Years 

Jamie Gleason, Manager 

Quality Control 

Milwaukee, Wisconsin US 

237124 

MKBP5435V 

Specification Result 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 

Version Number: 1 Page 2 of 2 

LO 
(") 
t-
LO 
(0 

ci 
E 
(1) 
..c u 
0:: 
5 

(/) 

LO 
(0 
t-
LO 
(0 

0 

E 
(1) 
..c u 
0:: 
5 

Cl) 

LO 
(0 
t-
LO 
(0 

0 

E 
(1) 
..c u 
0:: 
J 



Certificate of Analysis 

Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point (°C) 

236.15 

Ca N2 06 . 4 H2 0 

13477-34-4 

Ca(N03)2.4H20 

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

!catalog Number _ ]142353 
--· 

Jlouanty Test/ Release Date JI _2! January 2016) 

IL~t N~~ber. ]IA0369187 
--· 

Jjsuggested Retest Date _JI -· 
January 20~1 I 

!Description ___________ Jl_calcium_nitrate tetrahydrate,99+%,ACS reagent __ 
- ---·--·- ----- -~-----

jcountry of __ Ori_gin_ IIUNIT~D STATES OF AM~RICA 
---- --- J 

!Declaration of Origi~ _ ]I synthetic 
-~- --- -·-····· ··--· - ·-- -· J 

ii Origin Comment 
------1 
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aRTlflfD BY 
L. Van den Broek, QA Manager Issued: 25 April 2016 

i Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 lntemet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Certificate of Analysis 

Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point (°C) 

400.14 

Cr N3 09 . 9 H2 0 

7789-02-8 

Cr(N03)3.9H20 

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not Intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

/catalog Number l/21920 ]ouality Test_! Release_Date 

-'' 
23 January 2014/ 

/Lot Number __ - . - ... ]IA0343253 Jl_suggested Retest Date II --
January 20191 

joe~<::rip!i~~-- -~-- --- _ Jc~ro111i~111(III) nitrate nona_hydra~e,99_0/o 
··-· --- --·- -- ---

[ Country of Origin IIUN_ITED_~~~TES OF AMERICA -J 
loeclaration_of Origi~ Jsynthetic ------------------ -- _____ - ___ - _______ - __ --- ___ _j 

IAppear~~ce _ __ _ J/dark purple to black crystalline chunks__j/~lack_ crystalline ch!,lnks I 
ITitration_ lodometric _]/>=98.5 % _ _ J[101_:9 % _ _ ____ _ _j 
/pH _//2 to 3 (5%aq. sol11_.) _ _]12.1 (5% aq. soln.) J 

[Trace analysis_ ]!Type: Ca measure=< 50 PPM _ ]/Type: Ca measure 5 PPM_ _ ] 

/Trace analysis ________ ]!Type: Cd measure=< 10 PPM ___ JIType: Cd measure 3 PPM _________ j 
trrace analysis ______ jjType: Co measure=< 10 PPM _ _ _ _JiType: Comeasure 5 PPM ___ J 
lrra?e analysis ______ J/Type: Cu measure=< 10 PPM _____ _!!Type: Cu measure? PPM --- I 
lrrace analysis _________ JType: Fe measure_=< 200_ PPM ________ JType:Femeasure 178 PPM _____ _I 
lrrace analysis _______ j[Type: Mg measure_=< 50 PPM _______ Jlrype: Mg measure 6PPM _______ J 
lrrace analysis ______ JiType: Mn measure=< 10 PPM _____ JType: Mn_measure 7 PPM _j 

/Trace analy~is J_Type: Na m~_i'ls_ure =< 50 PPM J[Type_: ~a measure__17 PPM ] 

lrrace analysis _ __ !/_Type: Ni __ measure =< 50 PPM J[Type: Ni measure 8 PPM �~� 
lrrace analysis __ _ ]rype: Pb measure =<:_ 20 PPM JIType: Pb m_easure 4 PPM __ :J 
J_Trace analysis _ _ jl_Tyee: Sr measure =< 5~ PPM _ _ ][:ryye: ~r_measurn 1 _1 P_PM ] 

lrrace analysis JI Type: Zn measure =<:_ 1 O PPM _ ]!_Type: Zn measure 4 PPM_ I 
lrra?e analysis J/Type: Cl measure =< 20 PPM __ J[rype: Cl measure =< 20 PPM I 
jrrace analy~is__ ___ JJ_Typ~: S04 m~a~_ure =< 50_~~M__ _ _jJ_Type: S04_ meas~re _=< 5~-~P_f';l J 
!Trace ana_lysis ____ JTye~:_NH4 measure=< 1_0 P_PM__ ]I_Ty_e_~:NH4 m __ e_~ur~_=<:___!~-~~M _] 

�~�~�~�~�~�a�l� pptd by 11~<0.2 % (a: S04~ Ji=~0.007-~% ~a: S04) J 
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aRTlflfD BY 
L. Van den Broek, QA Manager Issued: 28 October 2015 

Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.corn 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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SIGMA-ALDRICH® slgma-a/drich,com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www.sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
lron(lll) nitrate nonahydrate -ACS reagent, ~98% 

Product Number: 216828 

Batch Number: MKBW6908V 

Brand: SIAL 

CAS Number: 7782-61-8 

MDL Number: MFCD00149708 

Formula: FeN309 · 9H20 

Formula Weight: 404.00 g/mol 

Quality Release Date: 16 OCT 2015 

Test Specification Result 

Appearance (Color) Conforms to Requirements Off-White 

Off-White to Pale Purple 

Appearance (Form) Conforms to Requirements Crystals 

Moist Crystals 

Infrared Spectrum Conforms to Structure Conforms 

Titration by Na2S203 98.0- 101.0 % 98.9 % 
Insoluble Matter < 0.005 % < 0.005 % 

c = 10 %; Dilute HN03 

Chloride (Cl) 2 5 ppm < 5ppm 

Sulfate (S04) < O.Q1 % < 0.01 % 

Calcium (Ca) < O.Q1 % < 0.01 % 

Magnesium (Mg) < 0.005 % < 0.001 % 

Potassium (K) < 0.005 % < 0.001 % 

Sodium (Na) < 0.05 % < 0.01 % 

Meets ACS Requirements Current ACS Specification Conforms 

Tenth Edition 

Michael Grady, Manager 

Quality Control 

Milwaukee, WI US 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in this 

publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser 

must determine the suitability of the product for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale. 

Version Number: 1 Page 1 of 1 
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SIGMA-ALDRICH® sigma-a/drich. com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www.sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
lron(III) nitrate nonahydrate -ACS reagent, 2:98% 

Product Number: 

Batch Number: 

Brand: 

CAS Number: 

MDL Number: 

Formula: 

Formula Weight: 

Quality Release Date: 

Test 

Appearance (Color) 

Off-White to Pale Purple 

Appearance (Form) 

Moist Crystals 

Infrared Spectrum 

Titration by Na2S203 

Insoluble Matter 

c = 10 %; Dilute HN03 

Chloride (Cl) 

Sulfate (S04) 

Calcium (Ca) 

Magnesium (Mg) 

Potassium (K) 

Sodium (Na) 

Meets ACS Requirements 

Tenth Edition 

r, .... ,-
1 } ' . oy___..: QJ\.~ .. 

Ali Ataei, Manager 

Quality Control 

Milwaukee, WI US 

216828 

MKBT4080V 

SIAL 

7782-61-8 

MFCD00149708 

FeN309 · 9H20 

404.00 g/mol 

09 DEC 2014 

Fe(N03l3 • 9H20 

Specification Result 

Conforms to Requirements Off-White 

Conforms to Requirements Crystals 

Conforms to Structure Conforms 

98.0 -101.0 % 100.0 % 
< 0.005 % 0.003 % 

.'.: 5 ppm < 5ppm 

< 0.01 % < 0.01 % 
< 0.01 % < 0.01 % 

< 0.005 % < 0.001 % 

< 0.005 % < 0.001 % 

< 0.05 % < 0.01 % 

Current ACS Specification Conforms 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in this 

publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser 

must determine the suitability of the product for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale. 

Version Number: 1 Page 1 of 1 
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SIGMA-ALDRICH0 

s/gma-afdrich.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
Magnesium nitrate hexahydrate - ACS reagent, 99% 

Product Number: 237175 Mg(N03)2 • 6H20 
Batch Number: MKBX1623V 

Brand: SIAL 

GAS Number: 13446-18-9 

MDL Number: MFCD00149779 

Formula: MgN206 · 6H20 

Formula Weight: 256.41 g/mol 

Quality Release Date: 10 DEC 2015 

Test Specification Result 

Appearance (Color) White White 

Appearance (Form) Conforms to Requirements Crystals 

Chips or Crystals 

X-Ray Diffraction Conforms to Structure Conforms 

Complexometric EDTA 98.0 - 102.0 % 99.8 % 

Insoluble Matter < 0.005 % < 0.005 % 

C= 10%, H20 

Barium < 0.005 % < 0.005 % 

Calcium (Ca) < 0.01 % < 0.01 % 

Chloride Content < 0.001 % < 0.001 % 

Iron (Fe) < 5 ppm < 5 ppm 

Heavy Metals < 5 ppm < 1 ppm 

as Pb 

Potassium (K) < 0.005 % < 0.005 % 

Manganese (Mn) < 5 ppm < 5 ppm 

Sodium (Na) < 0.005 % < 0.005 % 

Ammonia (NH4) < 0.003 % < 0.003 % 

pH 5.0 - 8.2 5.0 

C= 5%, H20@ 25 Deg C 

Phosphate (P04) < 5 ppm < 5 ppm 

Strontium (Sr} < 0.005 % < 0.005 % 

Sulfate (S04) < 0.005 % < 0.005 % 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 

Version Number: 1 Page 1 of 2 
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SIGMA-ALDRICH® slgma-a/drich.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Certificate of Analysis 
Product Number: 

Batch Number: 

Test 

Meets ACS Requirements 

Tenth Edition 

Michael Grady, Manager 

Quality Control 

Milwaukee, WI US 

237175 

MKBX1623V 

Specification 

Current ACS Specification 

Result 

Conforms 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 

Version Number: 1 Page 2 of 2 
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Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point (°C) 

256.40 

Mg N2 06 . 6 H2 0 

13446-18-9 

Mg(N03)2.6H20 

93.3 

Certificate of Analysis 
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or Implied, including the Implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, lhese products are not Intended for dialysis, parenteral or Injectable use without further processing. The 
following are the actual analytical results obtained; 

Jcatalog Number !1~~754 .. _ 
I/=========: 
JLot_l'!um~.:r_ _ ___ ]JA0353513 _ 

~!Quality Te_st / Release Date JI 13 November 201~ 

__ IJsuggested~_etest Date JL __ November 20191 

,~escri~tion __ _ ..... _ ltMagn_esiu111_~itrnte he~ahydrat~,-~~t~a p~re __ __ .. ____ .... j 

I country of Origin_ ]l;=IN=D=IA=== .. ·=· ==·=·============-=· ======·=:' 
!Declaration_ of_Origiri.Jlsynthetic ___ ____ --· . .... I 

IJorigin Comment ____ J 

a:RTlflfD BY 
L. Van den Broek, QA Manager Issued: 25 April 2016 

; Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 lntemet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Certificate of Analysis 

Molecular weight 

Molecular formula 

CASNo 

Linear formula 

Flash point (°C) 

84.99 

N Na03 

7631-99-4 

NaN03 

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, including the Implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or Injectable use without further processing. The 
following are the actual analytical results obtained: 

l_~atalog Number ____ J42434 ________ ]!Quality Test /_Release Date JI ____ 2 November 201~ 

jLot Number ]IA0365903 ~!suggested Retest IJate_ JL Nove1T1be'. 2020] 
- - . . 

II sodium nitr~te,99+%,ACS reagent -I Description J ·--·-----------··-··-···--------- ---------- ------ ------ ·-·· -- ---- ------ - -···· - -·- - --· 
[ Country of Origin __ Jl!NDIA 

---- I 
jDe~laration of _Drigi~ ]I synthetic 

····- -- --- ·-· ---··· -- _I 

II origin Comment ___ I J 
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mn,nro BY 
L. Van den Broek, QA Manager Issued: 25 April 2016 

i Acres Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Certificate of Analysis 
-----------------· 

Molecular weight 

Molecular formula 

CASNo 

Linear formula 

Flash point (°C) 

84.99 

N Na 03 

7631-99-4 

NaN03 

This Is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acres Organics expressly disclaims all warranties, 
expressed or Implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not Intended for dialysis, parenteral or Injectable use without further processing. The 
following are the actual analytical results obtained: 

/catalog Number ···-· /142434 __________ ]I Quality Test/ Release Date JI.__ 2 November 2015) 

/ Lot Number _____ ]/A0365903 ________ J Suggested Retest Date _JI___ November 202~ 

IDesc:ri~ti~n ... J]sodium nitrate,99;%,ACS re~nt -------··-----·-·--·-··--·----J 
[c~untry of o_rigin_ ·-:_111NDI~---.. --- --· . . / 

I/origin Comment .. 
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aRTlflfD BY 
L. Van den Broek, QA Manager Issued: 25 April 2016 

1 Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +3214/57.52.11 - Fax +3214/59.34.34 Internet: htto://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Molecular weight 

Molecular formula 

CASNo 

Linear formula 

Flash point (°C) 

331.20 

N2 06 Pb 

10099-74-8 

Pb(N03)2 

Certificate of Analysis 
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, Including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

/catalog Nun:i_ber J/21156 _______ JjQuality Test/ Release Date J __ 29 September 2ciTu) 

1-=L=o=t=N=u=rn=b=_ e=~= ___ =_=_ ===;I/A0~64649 -- - ][suggested Retest Date - _J/ S_eptemb_er 2017J 

I Description _________ JILead(II) nitrate,99+% _ .. ·. ··_· . ___ . _______ . -~- .... · __ · ___________ J 
!country_ ~f_?ri~in Jj1~DIA j 

![origin Comment 

mn1nr:o 13V 

------. I 

L. Van den Broek, 0A Manager Issued: 7 January 2016 

Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fairlawn, NJ 07410,USA Fax 201-796-1329 
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Certificate of Analysis 

Molecular weight 

Molecular formula 

CASNo 

Linear formula 

Flash point (°C) 

400.14 

Cr N3 09 . 9 H2 0 

7789-02-8 

Cr(N03)3.9H20 

This Is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or Implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not Intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

/£atalog Number __ _/121920 ____ _Jj~lity Test_l_ReleaseDateJ __________ 8 May~ 

/Lot Number ______ J/A0359678 ____ J?uggested Retest Date ____ J _________ May 2020/ 

joescription ________ )/chromium(III) nitrat~ nonahydrate,99% 

!country of ~rigin _ IIINDIA j 
)o~cla~ati~-~ of Origin];=s=y=nt=h=e=_ti=~========================:11 

I/origin Comme~t J 
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L. Van den Broek, QA Manager Issued: 14 January 2016 

i Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceutlcalaan 3a, B-2440 Geel, Belgium 
Tel +3214/57.52.11 - Fax +3214/59.34.34 lntemet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Certificate of Analysis 

Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point {°C) 

126.04 

C2 H2 04 . 2 H2 O 

6153-56-6 

H02CC02H.2H20 

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

/catal?g Number _ J/42315 -- JLQuality TesU Release Date II _rn Dece~ber 2014/ 
1
j;.:L=o=t=N=u=m=b=e=r=.====;J.=1~=0=3=54=6=1=4=_= .. -=. =~JI suggested Retest Date ][ December 2019] 

I De~laration of Or~gin JI synthetic __ _ _ . 

ILorigin _ _Gomme~t. _ J 
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L. Van den Broek, QA Manager Issued: 27 April 2016 

! Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +3214/57.52.11. Fax +3214/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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SIGMA-ALDRICH® slgma-aldrich.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
Potassium carbm,ate - ACS reagent, 2:99.0% 

Product Number: 209619 

K2C03 Batch Number: SLBM3461V 

Brand: SIAL 

CAS Number: 584-08-7 

MDL Number: MFCD00011382 

Formula: CK203 

Formula Weight: 138 .21 g/mol 

Quality Release Date: 28 JAN 2015 

Recommended Retest Date: JAN 2018 

Test Specification Result 

Assay > 99.0 % 99.8 % -
Insoluble Matter Pass Pass 

< or= 0.01% 

Chloride (Cl) Pass Pass 

< or= 0.003% 

Phosphate (P04) Pass Pass 

< or= 0.001% 

Silica Pass Pass 

< or= 0.005% 

Sulfur coumpounds Pass Pass 

< or = 0.004% 

Calcium Pass Pass 

< or= 0.005% 

Magnesium Pass Pass 

< or= 0.002% 

Sodium Pass Pass 

< or= 0.02% 

Iron (Fe) Pass Pass 

< or= 5 ppm 

Heavy Metals (as Lead) < = 5 ppm < 5 ppm 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 

Version Number: 1 Page 1 of 2 
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S/GMA-ALDRICH0 

slgma-a/dric/1.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www .sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Certificate of Analysis 
Product Number: 

Batch Number: 

Rodney Burbach, Manager 

Analytical Services 

St. Louis, Missouri US 

209619 

SLBM3461V 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information 

contained in this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact 

Technical Service. Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing 

slip for additional terms and conditions of sale. 

Version Number: 1 Page 2 of 2 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201.796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 a 

(0 
(0 
0) 
(0 This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 0 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IP208 Quality Test/ Release Date 3/2/2016 

Lot Number 1161550 

Description !POTASSIUM CARBONATE, ANHYDROUS, A.C.S. 

Country of Origin India * Suggested Retest Date I Mar-2021 

Chemical Origin Inorganic-non animal 

No animal products are used as starting raw material ingredients, or used in 
BSE/TSE Comment processing, including lubricants, processing aids, or any other material that might 

migrate to the finished product. 

Result name Units Specifications Test Value 

APPEARANCE REPORT White granular powder 

ASSAY % >= 99.0 99.6 

CALCIUM % <= 0.005 0.003 

CHLORIDE % <= 0.003 <0.0030 

HEAVY METALS (as Pb) ppm <= 5 <5.0 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.01 <0.010 

IRON (Fe) ppm <= 5 <5.0 

MAGNESIUM % <= 0.002 <0.0020 

PHOSPHATE (P04) % <= 0.001 <0.0010 

SILICA (Si02) % <= 0.005 <0.005 

SODIUM (Na) % <= 0.02 0.002 

SULFUR COMPOUNDS % <= 0.004 <0.0040 

Cffi.TIRED BY 
�~�~� 

I Quality Control Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. lfthere are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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printPaperResult Page 1 of 1 

Version 0 

Molecular weight 331.20 

Molecular formula N2 06 Pb 

CASNo 10099-74-8 

Linear formula Pb(N03)2 

Flash point (°C) 

Certificate of Analysis 
============================================= 
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of the grade listed. Certain 
data have been supplied by third parties. Acros Organics expressly disclaims all warranties, expressed or implied, including the implied warranties 
of merchantability and fitness for a particular purpose. Unless otherwise stated, these products are not intended for dialysis, parenteral or 
injectable use without further processing. The following are the actual analytical results obtained: 

!catalog Number 1121156 llouality Test/ Release Date II 29 September 20151 

!Lot Number !IA0364649 I/suggested Retest Date II September 20171 

!Description IILead(II) nitrate,99+% I 
jcountry of Origin I/INDIA I 
I Declaration of Origin II synthetic I 

!!origin Comment 

!Result Name !I specifications !!Test Value I 
!Appearance (Color) IIWhite IIWhite I 
!Appearance (Form) llcrystalline powder llcrystalline powder I 
!Titration Complexometric 11>=99 % 1199.9% I 
!Chloride (Cl) 11=<10 ppm 11=<10 ppm I 
!Iron (Fe) 11=<5 ppm 113.2 ppm I 

aRTlflFD BY 
L. Van den Broek, QA Manager Issued: 16 December 2016 

' Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 

http://www.acros.com/printPaperResult.aspx?PageLink=http://212.190.8 l .241/belas40080/i... 12/16/16 
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Certificate of Analysis Page 1 of 1 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: 

Catalog NumberlA 104 Quality Test/ Release Date 12/19/2015 

Lot Number 1158634 

Description !CITRIC ACID, GRANULAR, MONOHYDRATE, A.C.S. 

Country of Origin Austria * Suggested Retest Date I Dec-2020 

Chemical Origin Organic - Plant 

BSE/TSE Comment This material is derived from plant material. It does not contain or come into contact 
with any animal-containing materials or components. 

Chemical Comment No genetically modified organisms are used in the production of Citric Acid. 

Result name Units Specifications Test Value 

APPEARANCE REPORT White granules 

ASSAY % Inclusive Between 99.0 -102.0 100.5 

CHLORIDE % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

IGNITION RESIDUE % <= 0.02 0.008 

INSOLUBLE MATTER % <= 0.005 <0.0050 

IRON (Fe) ppm <= 3 <3.0 

LEAD (Pb) ppm <= 2 <2.0 

OXALATE = P.T. (ABOUT 0.05%) P.T. (ABOUT 0.05%) 

PHOSPHATE (P04) % <= 0.001 <0.0010 

SUBSTANCES CARBONIZED BY PASS/FAIL = PASS TEST PASS TEST 
H2S04 

SULFUR COMPOUNDS % <= 0.002 <0.0020 

Quality Control Chemist Group Leader Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

(1) 

Catalog Number IA586 IQuality Test I Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAW METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CERTIRED BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

(!) 
0) 
l() 
0) 
(!) This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

(I) 

Catalog Number IA586 IOuality Test I Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CffiTIFIE:O BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 LO 

0) 
LO 
0) 
(0 This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Ql 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CERTIFIED BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
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201. 796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 "<I' 

0) 
L!') 
0) 
<.O This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 0 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IQuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

GER.TIRED BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical SeNices at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

(V') 
0) 
l() 
(j) 
(0 This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 0 
and fitness for a particular purpose. Certain products {USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAW METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

.!'- CERTIREO Bi I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at {800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

(\J 
0) 
LO 
0) 
(0 This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CERTIFIED BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability ci 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/25/2015 

Lot Number 1151702 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT Colorless crystals 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 0.002 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 <0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0015 

SODIUM (Na) % <= 0.005 0.0024 

SULFATE (S04) % <= 0.005 <0.005 

�~� CERTIFlEO BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 �~� 

I.{) 
0) 
<O This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

<ll 

Catalog Number IA586 IQuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CffiTIFIED BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability ci 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAW METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CERTIFIED BY I 
Lab Manager Fair Lawn 

Note: The data listed Is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001:2008 standard by SAi Global Certificate Number CERT - 0064970 <.O 

l'-
L{) 
0) 
<.O This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

.!It CffiTIFlED BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (BOO) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
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1 Reagent Lane 
Fair Lawn, NJ 07410 
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Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard JS09001:2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the Jot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 0 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

(I) 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin ltndia I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

�~� CERTIFIED BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test I Release Date 3/10/2015 

Lot Number f151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CERTIFIED 8Y I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

0) 
f'-. 
l{) 
0) 
co This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability ci 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CERTIFlfD BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 

(l) 

5 
,, 
�~� 

') 

p ,.. 
) 

�~� 

!! 

.., 
s: 

0) 
f'-. 
l{) 
0) 
co 
ci 
E 
(l) 

..c u 
a: 
�~� 



Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201.796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001:2008 standard by SAi Global Certificate Number CERT - 0064970 

...... 
0) 
L() 
0) 
<D This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

.!t CERTIFIED BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 0 

0) 
L{) 
0) 
<O This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

<ll 

Catalog Number IA586 IOuality Test I Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAW METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CffiTIRED BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

0) 
co 
L{) 
0) 
(!) This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

CERT1Fl£D BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201.796.1329 fax 

Page 1 of 1 

Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT - 0064970 

(X) 
(X) 
l{) 
0) 
(0 This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability ci 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 I Quality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description IALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

.!I" GmTIFlED BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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Certificate of Analysis 
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Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201.796.1329 fax 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001:2008 standard by SAi Global Certificate Number CERT - 0064970 r-co 

Lt) 
0) 
(!) This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability ci 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IOuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAW METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

_!t CERTIFIED BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001:2008 standard by SAi Global Certificate Number CERT - 0064970 c.o co 

l{) 
CJ) 
c.o This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o 
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: E 

Catalog Number IA586 IQuality Test/ Release Date 3/10/2015 

Lot Number 1151052 I 
Description !ALUMINUM NITRATE, A.C.S. 

Country of Origin !India I * Suggested Retest Date I Mar-2020 

Result name Units Specifications Test Value 

APPEARANCE REPORT COLOLRESS CRYSTALS 

ASSAY % Inclusive Between 98.0 - 102.0 99.2 

CALCIUM (Ca) % <= 0.005 0.0010 

CHLORIDE % <= 0.001 <0.0010 

HEAVY METALS (as Pb) % <= 0.001 <0.0010 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

INSOLUBLE MATTER % <= 0.005 <0.005 

IRON (Fe) % <= 0.002 <0.0020 

MAGNESIUM (Mg) % <= 0.001 0.0010 

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0 

POTASSIUM (K) % <= 0.002 0.0020 

SODIUM (Na) % <= 0.005 0.0020 

SULFATE (S04) % <= 0.005 <0.005 

�~� CERTIFIED BY I 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
*Based on suggested storage condition. 
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Certificate of Analysis 

Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point ('C) 

236.15 

Ca N2 06 . 4 H2 0 

13477-34-4 

Ca(N03)2.4H20 

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or Implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained; 

jcatal~g Number ____ 1142353 Jlouality Test /Releasi:_Date JI 27 January 20~ 

jLot Number JIA0369187 ___ _ _Jjsuggested Retest Date ___ JI _ January __ 20~1 J 

j DescripUon _ JI C~lci~111 __ nit~c1te !~lrahydrate,99_+!o,ACS reage~! 

lc_ount_'!' of Origin JUNITED STATES _OF_AMER~CA _ J 

Ii Origin Comment ___ J -
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crRTlflED BY 
L. Van den Broek, QA Manager Issued: 25 April 2016 

Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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SIGMA-ALDRICH® sigma-a/drich.com 

3050 Spruce Street, Saint Louis, MO 63103, USA 

Website: www.sigmaaldrich.com 

Email USA: techserv@sial.com 

Outside USA: eurtechserv@sial.com 

Product Name: Certificate of Analysis 
lron(III) nitrate nonahydrate - ACS reagent, 2.98% 

Product Number: 216828 

Batch Number: MKBW6908V 

Brand: SIAL 

CAS Number: 7782-61-8 

MDL Number: MFCD00149708 

Formula: FeN309·9H20 

Formula Weight: 404.00 g/mol 

Quality Release Date: 16 OCT 2015 

Test Specification Result 

Appearance (Color) Conforms to Requirements Off-White 

Off-White to Pale Purple 

Appearance (Form) Conforms to Requirements Crystals 

Moist Crystals 

Infrared Spectrum Conforms to Structure Conforms 

Titration by Na2S203 98.0-101.0 % 98.9% 

Insoluble Matter < 0.005 % < 0.005 % 

c = 10 %; Dilute HN03 

Chloride (Cl) < 5 ppm < 5 ppm 

Sulfate (S04) < 0.01 % < 0.01 % 

Calcium (Ca) < 0.01 % < 0.01 % 

Magnesium (Mg) < 0.005 % < 0.001 % 

Potassium (K) < 0.005 % < 0.001 % 

Sodium (Na) < 0.05 % < 0.01 % 

Meets ACS Requirements Current ACS Specification Conforms 

Tenth Edition 

Michael Grady, Manager 

Quality Control 

Milwaukee, WI US 

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in this 

publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser 

must determine the suitability of the product for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale. 

Version Number: 1 Page 1 of 1 
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Molecular weight 

Molecular formula 

GAS No 

Linear formula 

Flash point (°C) 

256.40 

Mg N2 06 . 6 H2 0 

13446-18-9 

Mg(N03)2.6H20 

93.3 

Certificate of Analysis 
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

jc~!al.?g _t-lumbe~==:]/_44754 _ JI Quality_ Test/ Rele_~se Date 

l_Lot Number JFjA=0=3=5=35=1=~=""=" ====.JjsuggestEid Retest Date 

j_~~s_cri~ti"~n" __ _ "·· Jjr-Aa~nesium ni~rate h~~ahy~r~te,extr~-~ure 

JI _1~ November_~014/ 

JL N9vember 20191 

jcountry of Origin ____ JINDIA _________ --------"- "" ___ " ___ . __________________ _:] 

!_Declaration_ of ~riginJ[synthetic__ J 
llorigin Comment ____ J 

ClRTlrlH) BY 
L. Van den Broek, QA Manager Issued: 25 April 2016 

I Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point (°C) 

256.40 

Mg N2 06 . 6 H2 0 

13446-18-9 

Mg(N03)2.6H20 

93.3 

Certificate of Analysis 
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or Implied, Including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or Injectable use without further processing. The 
following are the actual analytical results obtained: 

/_catalog Number_ //44754___ j/Quality Test/ .Release Date /j 13 November 2014/ 
1"/L=o=t=N=u=m-__ b-_ _E:=r=_===~ .. -iJF/A=0=3=53=5=1=3=_= ___ ==_==J,r/s=u=g=g=e=s=te=~--~R=e=te=s=t=~=~=t_e~='--i]L___ Noveri:i~er 2~ 

,~~~-~r~pt~~-n __ . __ _ 1/~~gnesi~~ ~!rat~ he~ahydrate,_~xtra pure _ ___ _ _ . _ _ __ 

[country of Origin __ ] INDIA __________________________________________ j 
J_oecl~ration of Origin J5'nthetic __ J 

I/origin Comment 

f1RT1fl£D BY 
L. Van den Broek, QA Manager Issued: 25 April 2016 

1 Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tei +3214/57.52.11 - Fax +3214/59.34.34 lntemet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point ('C) 

331.20 

N2 06 Pb 

10099-74-8 

Pb(N03)2 

Certificate of Analysis 
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not Intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

/ Catalog Number _ J/_21156 ]/ouality Test/ ReltrnsE! Date _//_ . 29 Septemb~r 201~ 

/Lot Number ]/A036±6_~. J/~uggested_Retest ~ate __ .. _JI. September ?01_7J 

l~:scri~!i°-~ ------ . . .JILea~(II) nitrnte,B~+-~o ... ----· -- . - - .. - - - ..... .. .... . . . ........... -· . J 
!country of Origin ___ JI INDIA --------------····---------·-----------···----- .J 
I Declaration o!_O~i~in _ ]l~ynth~Uc .I 

l/originGomment _______ _J ==:J 

aRTlflfD BY 
L. Van den Broek, QA Manager Issued: 26 April 2016 

Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharrnaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Molecular weight 

Molecular formula 

CASNo 

Linear formula 

Flash point (°C) 

331.20 

N2 06 Pb 

10099-74-8 

Pb(N03)2 

Certificate of Analysis 
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, including the Implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

/.Catalog_ Number_ 

!Lot Nurr_iber 

//21156 _ 

__ ll!'-036~649 _ 

_ Jouality T_est / Release_Date JL 29 September 2015/ 

Jlsug~~s!ed Retest Date Ji__ S_epte_mber 20171 

!Description l.=IL=·~=;=~-=(l=l)=·n=it=ra=t-=e-=,~=9=+=%=· ===================·-·=;J 
[count~- ~f_Origin ___ IJ1NDIA __ _ J 
j Declaration of Origin J"'~=y=n=th_e_t-ic~ __ =_= __ = __ = __ = __ = ___ -____ -__ �~� __ = __ �~� __ = __ = __ -__ -__ = __ =_=_= __ = ___ = __ =_= ___ =_=_== __ = ___ =_= __ =_==_ =_=_==_ ==_ =_=_=-1 

[Lorigin _c::~~~ent 

aRTlrlfD BY 
L. Van den Broek, QA Manager Issued: 26 April 2016 

i Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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SIGMA-ALDRICH0 

3050 Spruce Street, Saint Louis, MO 63103 USA 
Email USA: techserv@sial.com Outside USA: eurtechserv@sial.com 

of lys 

Product Name: 

Product Number: 

Batch Number: 

Brand: 

CAS Number: 

Formula: 

Formula Weight: 

Quality Release Date: 

TEST 

APPEARANCE (COLOR) 

APPEARANCE (FORM) 

TITRATION (KT) EDT A 0.1 M 

METAL TRACE ANALYSIS (ICP) 

CALCIUM (ICP) 

CADMIUM (ICP) 

COBALT (ICP) 

COPPER (ICP) 

IRON (ICP) 

POTASSIUM (ICP) 

SODIUM (ICP) 

LEAD (ICP) 

ZINC (ICP) 

TOTAL SULFUR AS S04 (ICP) 

CHLORIDE (CL) 

Manager Quality Control 

Buchs, Switzerland 

NICKEL(II) NITRATE HEXAHYDRATE 

purum p.a., crystallized,>= 97.0 % KT 

72253 

BCBP4160V 

Sigma-Aldrich 

13478-00-7 

Ni(N03)2 • 6Hp 

290.79 

26 JAN 2015 

SPECIFICATION 

BLUE-GREEN TO DEEP BLUE-GREEN 

CRYSTALS 

97.0 - 103.0 % 

CORRESPONDS TO REQUIREMENTS 

s 50 MG/KG 

s50 MG/KG 

s500 MG/KG 

s50 MG/KG 

s 50 MG/KG 

s 100 MG/KG 

s 100 MG/KG 

s 50 MG/KG 

s 50 MG/KG 

s 50 MG/KG 

s 50 MG/KG 

RESULT 

BLUE-GREEN 

CRYSTALS 

97.0 % 

PASSED 

< 50 MG/KG 

< 50 MG/KG 

< 500 MG/KG 

< 50 MG/KG 

< 50 MG/KG 

< 100 MG/KG 

< 100 MG/KG 

< 50 MG/KG 

< 50 MG/KG 

< 50 MG/KG 

< 50 MG/KG 

Sigma-Aldrich warrants that at the time of the quality release or subsequent retest date this product conformed to the information contained In this publication. The current 

specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser must determine the suitability of the product 

for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale. 

Sigma-Aldrich Certificate of Analysis - Product 72253 Lot BCBP4160V Page 1 of 1 
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Fisher Scientific 
1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201.796.1329 fax 

Certificate of Ana is 
Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by DNV Certificate number CERT-08052-2006-AQ-HOU-ANAB 

This is to certify that units of the above mentioned lot number were tested and found to comply with the specifications of the grade listed. Certain 
data have been supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties 
of merchantability and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical 
device manufacturing. Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual 
analytical results obtained: 

Cataloa Number 

Lot Number 

Product Description 

Countrv Oriain 

Chemical Oriain 

BSE/TSE Comment: 

Result Name 
.Expiry Date 

Assay (HN03 w/w) 

Color 

Aluminum (Al) 
Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Bervllium (Be) 

Bismuth (Bi) 
Boron (B) 

Cadmium (Cd) 

Calcium (Ca) 
Cerium (Ce) 

Cesium (Cs) 

Chromium (Cr) 
Cobalt {Co) 

Coooer (Cu) 
Dysprosium (Dy) 

Erbium {Er) 
Europium {Eu) 

Gadolinium (Gd) 
Gallium (Ga) 

Germanium (Ge) 
Gold (Au) 

Hafnium (Hf) 

Holmium {Ho) 

Indium (In) 
Iron (Fe) 

Lanthanum (La) 

Lead (Pb) 

Lithium (Li) 

A509 IMfa. Date 111/4/2015 

1115100 lsamole Id IN/A 
Nitric Acid (TRACEMETAL GRADE) 

Canada 
lnoraanic 

No animal products are used as starting raw material ingredients, or used in processing, 
including lubricants, processing aids, or any other material that might migrate to the finished 
roduct. 

Units Specifications Test Value 
mm/dd/yyyy 2 yrs 11/04/2017 

% byw/w 67 - 70 69 

APHA <= 10 <7 

oob <= 1 < 0.5 
,oob <= 0.5 < 0.1 
nnb <= 0.5 < 0.1 

oob <= 0.1 < 0.1 
oob <= 0.1 < 0.1 

nnb <= 0.1 < 0.1 

oob <= 1 < 0.5 

oob <= 0.5 < 0.1 

nnb <= 1 < 0.5 
nnb <= 0.1 < 0.1 
ppb <= 0.1 < 0.1 
oob <= 1 < 0.5 

lnnb <= 0.5 < 0.1 

IPPb <= 0.5 < 0.2 

IPPb <= 0.1 < 0.1 
lnnb <= 0.1 < 0.1 

loob <= 0.1 < 0.1 

'oob <= 0.1 < 0.1 
nnb <= 0.1 < 0.1 

oob <= 0.1 < 0.1 

oob <= 0.1 < 0.1 

nnb <= 0.1 < 0.1 
nnb <= 0.1 < 0.1 

oob <= 0.1 < 0.1 

oob <= 1 < 0.5 

nnb <= 0.1 < 0.1 
ppb <= 0.1 < 0.1 

IPPb <= 0.1 < 0.1 
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Lutetium (Lu) onb <= 0.1 < 0.1 
Maanesium (Ma) nnb <= 1 < 0.2 
Manqanese (Mn) bob <= 0.1 < 0.1 
Mercurv (Hq) oob <= 0.1 < 0.02 
Molvbdenum (Mo) onb <= 0.1 < 0.1 
Neodymium (Nd) IDDb <= 0.1 < 0.1 
Nickel (Ni) IPPb <= 0.5 < 0.5 
Niobium (Nb) lnnb <= 0.1 < 0.1 
Palladium (Pd) IDDb <= 0.5 < 0.1 
Platinum (Pt) oob <= 0.5 < 0.1 
Potassium (K) nnb <= 1 < 0.2 
Praseodvmium (Pr) oob <= 0.1 < 0.1 
Rhenium (Re) oob <= 0.1 < 0.1 
Rhodium (Rh) onb <= 0.5 < 0.1 
Rubidium (Rb) oob <= 0.1 < 0.1 
Ruthenium (Ru) oob <= 0.5 < 0.1 
Samarium (Sm) onb <= 0.1 < 0.1 
Scandium (Sc) nnb <= 0.1 < 0.1 
Selenium (Se) IPPb <= 1 < 0.1 
Silver (Aa) IPPb <= 0.1 < 0.1 
Sodium (Na) IPOb <= 1 < 0.3 
Strontium (Sr) lppb <= 0.1 < 0.1 
Tantalum (Ta) ppb Information Onlv < 0.1 
Tellurium (Te) nnb <= 0.1 < 0.1 
Terbium (Tb) oob <= 0.1 < 0.1 
Thallium (Tl) oob <= 0.1 < 0.1 
Thorium (Th) nnb <= 0.1 < 0.1 
Thulium (Tm) oob <= 0.1 < 0.1 
Tin (Sn) oob <= 0.5 < 0.1 
Titanium (Ti) onb <= 0.5 < 0.1 
Tunasten (W) nnb <= 0.1 < 0.1 
Uranium (U) IPPb <= 0.1 < 0.1 
Vanadium (V) IPPb <= 0.5 < 0.1 
Ytterbium (Yb) innb <= 0.1 < 0.1 
Yttrium (Y) 'oob <= 0.1 < 0.1 
Zinc (Zn) ppb <= 0.5 < 0.2 
Zirconium (Zr) PPb <= 0.1 < 0.1 
Chloride (Cl-) oom <= 0.2 < 0.2 
Total Phosphorus (P) oom <= 0.01 < 0.01 
Total Sulfur (S) nnm <= 0.3 < 0.3 

CERTIFIED sv / L?tJr £ 1~,\~_4' ___ ?-,fJd �~�{�~� 
Lab Manager Fair Lawn Lab Manager B.PF 
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Certificate of Analysis 

Molecular weight 

Molecular formula 

CASNo 

Linear formula 

Flash point (°C) 

84.99 

N Na03 

7631-99-4 

NaN03 

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties, 
expressed or implied, Including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

!catalog -~umber _ -==]/ou~~ty "!"est_/ Release_Date /L _ 23 December 2015/ 

!Lot Number JIAo~67952 ]/suggested Retest Da!~- JI Dece_mberi@ij 

!Description _ Jjs_~~iu~ nitrate,99~0/o,AC~r_eagent_ • · 1 

Jc~_untry of Origin _ IIINDIA _ J 

J D_~claratio~ of_ Origin ];=Js=y=n=th=e=ti=_~===========~====~===_:~= __ =_~ __ = ____ ~. --'--.JI 

liorigin Com1T1ent_ 
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aRTlflfO BY 
L. Van den Broek, QA Manager Issued: 20 May 2016 

Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Certificate of Analysis 

Molecular weight 

Molecular formula 

CAS No 

Linear formula 

Flash point (°C) 

84.99 

N Na 03 

7631-99-4 

NaN03 

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of 
the grade listed. Certain data have been supplied by third parties. Acres Organics expressly disclaims all warranties, 
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless 
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The 
following are the actual analytical results obtained: 

/_catalog Number . //42434 _ 

F/_L=o=t N=u=m=b=~=r=_= .. ==_= ... --c,J/A0367952 

__ji_Quality !=.~t / Rel=._a_~ Date It 23 December 201~ 

_Js~gg~~t~Retes! Date __ JL ______ December 2020] 

,~~-~crip!ion ___ _ ....... Ii.sodium ni~rat~,9~+%'.~cs_~~-ag8-ri_t_ · ... _ J 
jcountry of Origin _ .. J INDIA .. _ _J 
I De_c~aration of ?rigin_ J~yn_thetic _ j 
r;==========:---------------.. ·--·------·----
llorigin Comment. _ I 
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CffiTlflfD BY 
L. Van den Broek, QA Manager Issued: 20 May 2016 

I Acros Organics 
ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium 
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Internet: http://www.acros.com 
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329 
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Fisher Scientific 
1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Certificate of Analysis 
Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001:2008 Standard by SAi Global Certificate Number CERT - 0090918 

This is to certify that units of the above mentioned lot number were tested and found to comply with the specifications of the grade listed. Certain 
data have been supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties 
of merchantability and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical 
device manufacturing. Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual 
analytical results obtained: 

Cataloa Number 
Lot Number 

Product Description 
Countrv Oriain 

Chemical Oriain 

BSE/TSE Comment: 

Result Name 
.Expiry Date 

Assay (HN03 w/w) 

Color 

Aluminum (Al) 

Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Beryllium (Be) 

Bismuth (Bi) 

Boron (B) 

Cadmium (Cd) 

Calcium (Ca) 

Cerium (Ce) 

Cesium (Cs) 

Chromium (Cr) 

Cobalt (Co) 

Conner (Cu) 

Dysprosium (Dy) 

Erbium (Er) 

Eurooium (Eu) 

Gadolinium (Gd) 

Gallium (Ga) 

Germanium (Ge) 

Gold (Au) 

Hafnium (Hf) 

Holmium (Ho) 

Indium (In) 

Iron (Fe) 

Lanthanum (La) 

Lead (Pb) 

Lithium (Li) 

A509 )Mfa. Date /5/19/2016 

1116050 /samole Id IN/A 

Nitric Acid (TRACEMETAL GRADE) 

Canada 

lnoraanic 

No animal products are used as starting raw material ingredients, or used in processing, 
including lubricants, processing aids, or any other material that might migrate to the finished 

roduct. 

Units Specifications Test Value 
mm/dd/vvvv 2 yrs 05/19/2018 

% byw/w 67 - 70 69 

APHA <= 10 <7 
nnb <= 1 < 0.5 

DDb <= 0.5 < 0.1 
oob <= 0.5 < 0.1 
nnb <= 0.1 < 0.1 

IDDb <= 0.1 < 0.1 

IPPb <= 0.1 < 0.1 
1nnb <= 1 < 0.5 

IDDb <= 0.5 < 0.1 
ppb <= 1 < 0.5 
ppb <= 0.1 < 0.1 

!PDb <= 0.1 < 0.1 

oob <= 1 < 0.5 

nob <= 0.5 < 0.1 
nnb <= 0.5 < 0.2 

oob <= 0.1 < 0.1 

nob <= 0.1 < 0.1 
nnb <= 0.1 < 0.1 

DDb <= 0.1 < 0.1 
DDb <= 0.1 < 0.1 
nob <= 0.1 < 0.1 

100b <= 0.1 < 0.1 

IPPb <= 0.1 < 0.1 

IPPb <= 0.1 < 0.1 
lnnb <= 0.1 < 0.1 
ppb <= 1 < 0.8 
ppb <= 0.1 < 0.1 

oob <= 0.1 < 0.1 

oob <= 0.1 < 0.1 
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Lutetium (Lu) !PPb <= 0.1 < 0.1 
Maqnesium (Mq) ioob <= 1 < 0.2 
Manaanese (Mn) nnb <= 0.1 < 0.1 
Mercury (Ha) nob <= 0.1 < 0.02 
Molybdenum (Mo) nob <= 0.1 < 0.1 
Neodvmium (Nd) nnb <= 0.1 < 0.1 
Nickel (Ni) oob <= 0.5 < 0.5 
Niobium (Nb) nob <= 0.1 < 0.1 
Palladium (Pd) nnb <= 0.5 < 0.1 
Platinum (Pt) loob <= 0.5 < 0.1 
Potassium (K) ppb <= 1 < 0.2 
Praseodvmium (Pr) POb <= 0.1 < 0.1 
Rhenium (Re) ,oob <= 0.1 < 0.1 
Rhodium (Rh) iPPb <= 0.5 < 0.1 
Rubidium (Rb) innb <= 0.1 < 0.1 
Ruthenium (Ru) nnb <= 0.5 < 0.1 
Samarium (Sm) nob <= 0.1 < 0.1 
Scandium (Sc) onb <= 0.1 < 0.1 
Selenium (Se} nnb <= 1 < 0.1 
Silver (Aq) nob <= 0.1 < 0.1 
Sodium (Na) nob <= 1 < 0.3 
Strontium (Sr) nnb <= 0.1 < 0.1 
Tantalum (Ta) IDDb Information Onlv < 0.1 
Tellurium (Te) ppb <= 0.1 < 0.1 
Terbium (Tb) nnb <= 0.1 < 0.1 
Thallium (Tl) oob <= 0.1 < 0.1 
Thorium (Th) ppb <= 0.1 < 0.1 
Thulium (Tm) oob <= 0.1 < 0.1 
Tin (Sn) oob <= 0.5 < 0.1 
Titanium (Ti) nob <= 0.5 < 0.1 
Tunasten (W) nob <= 0.1 < 0.1 
Uranium (U) oob <= 0.1 < 0.1 
Vanadium (V) nob <= 0.5 < 0.1 
Ytterbium (Yb) nob <= 0.1 < 0.1 
Yttrium (Y) nnb <= 0.1 < 0.1 
Zinc (Zn) ppb <= 0.5 < 0.2 
Zirconium (Zr) nob <= 0.1 < 0.1 
Chloride (Cl-) nnm <= 0.2 < 0.2 
Total Phosohorus (P) IPPm <= 0.01 < 0.01 
Total Sulfur (S) IPPm <= 0.3 < 0.3 

aRTIFIED BY I 
Je,ome Gilman, Quali!yConlrol Lab Manager 



GFS Chemicals, Inc. 
Columbus, Ohio 43223 

LOT ANALYSIS 
ITEM: 66 PERCHLORIC ACID, 70%, REAGENT (ACS) 

Test 

Assay 69.0-72.0% 

Residue after ignition 0.003% 

Silicate+ phosphate 0.0005% 

Chloride 0.001 % 

Sulfate 0.001 % 

Nitrogen compounds (as N) 0.001 % 

Heavy metals ( as Pb) 0.0001 % 

Iron 0.0001 % 

Color (APHA) lOmax 

TRACEABLE TO N.I.S.T. (YIN)? Y 
Comment: 

PASS/FAIL 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

LOT#:C580211 

NUMERICAL RESULT 

69.7% 

< 0.003% 

< 0.0005% 

< 0.001% 

< 0.001 % 

< 0.001% 

< 0.0001% 

< 0.0001 % 

< 10 

Reported by: Alysa Panepinto QC Supervisor: Alysa Panepinto 
Quality Assured to Retest Point: 60 months from shipment 
CIA Print Date: 09/16/2015 

Not for direct use in food, cosmetics, finished pharmaceuticals or drug products. Supplier is not responsible for 
compliance with FDA Current Good Manufacturing Practice (CGMP) requirements, including without limitation 
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those for finished drug products in 21 C.F .R Parts 210 and 211. Consult warranty limitations at �~� 

www.gfschemicals.com/statics/documents/aboutus/termsandconditions.html For resale by GFS authorized �~� 
distributors only. 0 

GFS Chemicals, Inc. P.O. Box 245 Powell, OH 43065 * Signed Orig. Doc. on File 
800-858-9682 (U.S. and Canada) 740-881-550l(International) 740-881-5989 (Fax) 
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Fisher Scientific 
1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 

Certificate of An is 
Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 Standard by SAi Global Certificate Number CERT - 0090918 

This is to certify that units of the above mentioned lot number were tested and found to comply with the specifications of the grade listed. Certain 
data have been supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the Implied warranties 
of merchantability and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical 
device manufacturing. Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual 
analytical results obtained: 

Catalo~ Number 
Lot Number 
Product Description 
Country Ori~in 
Chemical Oriqin 

BSE/TSE Comment: 

Result Name 
.Exoirv Date 
Assay (HN03 w/w) 

Color 

Aluminum (Al) 
Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Bervllium (Be) 

Bismuth (Bi) 
Boron (B) 

Cadmium (Cd) 

Calcium (Ca) 

Cerium (Ce) 

Cesium (Cs) 

Chromium (Cr) 

Cobalt (Co) 

Conner (Cu) 

Dysprosium (Dy) 

Erbium (Er) 

Europium (Eu) 

Gadolinium (Gd) 
Gallium (Ga) 

Germanium (Ge) 

Gold (Au) 

Hafnium (Hf) 

Holmium (Ho) 

Indium (In) 

Iron (Fe) 

Lanthanum (La) 
Lead (Pb) 

Lithium (Li) 

A509 IMt~. Date 15/19/2016 

1116050 lsample Id IN/A 
Nitric Acid (TRACEMETAL GRADE) 

Canada 
lnomanic 

No animal products are used as starting raw material ingredients, or used in processing, 
including lubricants, processing aids, or any other material that might migrate to the finished 

roduct. 

Units Specifications Test Value 
mm/dd/vvvv 2 yrs 05/19/2018 

% byw/w 67 - 70 69 

APHA <= 10 <7 
ppb <= 1 < 0.5 

oob <= 0.5 < 0.1 
ppb <= 0.5 < 0.1 

nnb <= 0.1 < 0.1 
nnb <= 0.1 < 0.1 

oob <= 0.1 < 0.1 
nnb <= 1 < 0.5 
nnb <= 0.5 < 0.1 

PDb <= 1 < 0.5 
oob <= 0.1 < 0.1 
nnb <= 0.1 < 0.1 
ppb <= 1 < 0.5 
oob <= 0.5 < 0.1 
ppb <= 0.5 < 0.2 
ppb <= 0.1 < 0.1 
ppb <= 0.1 < 0.1 

'nnb <= 0.1 < 0.1 

oob <= 0.1 < 0.1 
oob <= 0.1 < 0.1 
oob <= 0.1 < 0.1 
nnb <= 0.1 < 0.1 

oob <= 0.1 < 0.1 
oob <= 0.1 < 0.1 
nnb <= 0.1 < 0.1 
ppb <= 1 < 0.8 

oob <= 0.1 < 0.1 
nob <= 0.1 < 0.1 

'PPb <= 0.1 < 0.1 
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Lutetium (Lu) nnb <= 0.1 < 0.1 
Maqnesium (Mq) oob <= 1 < 0.2 
Manaanese (Mn l onb <= 0.1 < 0.1 
Mercurv (Ha) nnb <= 0.1 < 0.02 
Molybdenum (Mo) ppb <= 0.1 < 0.1 
Neodymium (Nd) onb <= 0.1 < 0.1 
Nickel (Ni) IDDb <= 0.5 < 0.5 
Niobium (Nb) IPPb <= 0.1 < 0.1 
Palladium (Pd) IPPb <= 0.5 < 0.1 
Platinum (Pt) nnb <= 0.5 < 0.1 
Potassium (K) oob <= 1 < 0.2 
Praseodymium (Pr) oob <= 0.1 < 0.1 
Rhenium (Re) nnb <= 0.1 < 0.1 
Rhodium (Rh) oob <= 0.5 < 0.1 
Rubidium (Rb) oob <= 0.1 < 0.1 
Ruthenium (Ru) onb <= 0.5 < 0.1 
Samarium (Sm) oob <= 0.1 < 0.1 
Scandium (Sc) oob <= 0.1 < 0.1 
Selenium (Se l IPPb <= 1 < 0.1 
Silver (Aa) 100b <= 0.1 < 0.1 
Sodium (Na) IPPb <= 1 < 0.3 
Strontium (Sr) 1onb <= 0.1 < 0.1 
Tantalum <Ta) nnb Information Onlv < 0.1 
Tellurium (Te) oob <= 0.1 < 0.1 
Terbium (Tb) oob <= 0.1 < 0.1 
Thallium (Tl) nob <= 0.1 < 0.1 
Thorium (Th) oob <= 0.1 < 0.1 
Thulium (Tm) oob <= 0.1 < 0.1 
Tin (Sn) nob <= 0.5 < 0.1 
Titanium (Ti) oob <= 0.5 < 0.1 
Tunqsten (W) oob <= 0.1 < 0.1 
Uranium (U) IPPb <= 0.1 < 0.1 
Vanadium (V) IPOb <= 0.5 < 0.1 
Ytterbium (Yb) IPPb <= 0.1 < 0.1 
Yttrium (Y) 1 00b <= 0.1 < 0.1 
Zinc (Zn) nob <= 0.5 < 0.2 
Zirconium (Zr) oob <= 0.1 < 0.1 
Chloride (Cl-) oom <= 0.2 < 0.2 
Total Phosohorus (P) nnm <= 0.01 < 0.01 
Total Sulfur (S) oom <= 0.3 < 0.3 

CIRTIFIED BY I 
Jerome Gilman, Quality Control Lab Manager 



Certificate Of Analysis 

rti 
Product Name 

Product Number 

Product Brand 

CAS Number 

Molecular Formula 

Molecular Weight 

TEST 

APPEARANCE 

X·RAY DIFFRACTION 

INSOLUBLE MATIER 

ACS TESTS 

ARSENIC 

BROMATE 

CHLORIDE 

IRON 

HEAVY METALS 

POTASSIUM 

NITROGEN COMPOUNDS 

CALCIUM, MAGNESIUM & 

SULFATE 

A-~1=--v7lf~ 
Barbara Rajzer, Supe1visor 
Quality Control 
Milwaukee, Wisconsin USA 

A 
Sodium chlorate, 
ACS reagent, ~99.0% 

403016 

SIGALD 

7775-09-9 

NaCIO, 

106.44 

SPECIFICATION 

'MilTE CRYSTALS, CRYSTALLINE 
POWDER OR 

CONFORMS TO STANDARD 
PATTERN, 

0.005% (MAXIMUM) (C=8%, H20) 

99,0% NACL03 (MINIMUM} 

0.015% (MAXIMUM) 

0.005% (MAXIMUM) 

5 PPM (MAXIMUM) 

0.001% (MAXIMUM) (AS PB} 

0.01% (MAXIMUM} 

0.001% (MAXIMUM) 

LOT 08722AF RESULTS 

MOIST WHITE CRYSTALS 

CONFORMS TO STANDARD 
PATTERN. 

0.004% 

99.4% ASSAY 

<0.5 PPM 

<0.01% 

<0.005% 

<0,0005% 

<0.001% 

0.00% 

<0.001% 

<0.005% 

<0.001% 
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Certificate of Analysis 

Fisher 
Scientific 

1 Reagent Lane 
Fair Lawn, NJ 07410 
201.796.7100 tel 
201. 796.1329 fax 
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Certificate of Analysis 

Fisher Scientific's Quality System has been found to conform to Quality Management System 
Standard IS09001 :2008 standard by SAi Global Certificate Number CERT • 0064970 

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been 
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 
and fitness for a particular 

11
urpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. 

Fisher does not claim regu atory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: 00 
Catalog Number IS318 I Quality Test I Release Date 3/10/2015 

Lot Number 1152074 I 
Description !SODIUM HYDROXIDE, A.C.S. 

Country of Origin United States * Suggested Retest Date I Mar-2020 

Chemical Origin Inorganic 

No animal products are used as starting raw material ingredients, or used in 
BSE/TSE Comment processing, including lubricants, processing aids, or any other material that might 

migrate to the finished product. 

Result name Units Specifications Test Value 

APPEARANCE REPORT White pellets 

ASSAY % >= 97.0 99.1 

CALCIUM % <= 0.005 <0.0050 

CHLORIDE % <= 0.005 <0.005 

HEAW METALS (as Ag) % <= 0.002 <0.0020 

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 

IRON (Fe) % <= 0.001 <0.0010 

MAGNESIUM % <= 0.002 <0.0020 

MERCURY (Hg) ppm <= 0.1 <0.10 

NICKEL (Ni) % <= 0.001 <0.0010 

NITROGEN COMPOUNDS % <= 0.001 <0.0010 

PHOSPHATE (P04) % <= 0.001 <0.0010 

POTASSIUM (K) % <= 0.02 <0.020 

SODIUM CARBONATE % <= 1.0 0.3 

SULFATE (804) % <= 0.003 <0.0030 

CERTIFIED BY 
Lab Manager Fair Lawn 

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed 
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701. 
'Based on suggested storage condition. 
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SwRI Test Report , February 16, 2017 

 













































































Appendix T  
SwRI Test Report, May 17, 2017 
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WETCHEM ANALYSIS  
 
Initial sample preparation 
 
This report encompasses the preparation and analysis of the solid waste surrogates presented in Table 
1, which also contains the methods performed on each of the blends. All surrogate blends were made 
in accordance to the directions provided in email directly from Los Alamos. Samples took several 
days to dry to a constant weight with the Cheesecloth-UNS sample taking almost a week. The weight 
and volume of UNS solution absorbed by the Cheesecloth can be found in Table 2.     
 
Table 1. Waste Surrogate analysis table 

Surrogate ID 
Times 
made 

Methods 

1030 1050 
UN Ox solid 
(DOT 0.1) 

Cheesecloth-UNS 1 1 1 1 

Cheesecloth-UNS-Zeolite 1 1 1 1 

*Testing not performed  
 
Table 2. Weight and Volume of UNS solution absorbed by Cheesecloth 

Customer ID Tests 
Cheesecloth 

wgt (g) 

Weight of 
UNS 

absorbed (g) 

Volume of 
UNS 

absorbed 
(mL) 

Milliliters of 
UNS absorbed 

per gram of 
cheesecloth 

Cheesecloth-UNS 1050 133.739 1195.15 848 6.34 

Cheesecloth-UNS 1030 & UN Ox 104.003 914.92 649 6.24 

Cheesecloth-UNS-Zeolite All  45.626 406.83 289 6.32 
 
 
SW-846 1030: Ignitability of Solids 
 
In this test, an ignition source is applied to one end of the test material to determine whether 
combustion will propagate along 200 mm of the strip within 2 minutes. If the material combustion 
propagates, the burning time was measured over a distance of 100 mm and the rate of burning would 
be determined. The surrogate material was formed into an unbroken powder train, 250 mm in length 
atop a ceramic tile with marks at the 80 and 180 mm in from the end of the train. The ceramic tile 
was placed about 8 inches in a hood with the sash lowered to give airflow of about 0.7 m/sec. One 
end of the train was exposed to the end of an acetylene torch with a temperature greater than 1000°C. 
The torch was held there for 2 minutes and if the sample began to burn down the train the time taken 
to get from the 80 to 180 mm mark was measured to determine the burn rate.  
 
The Cheesecloth-UNS-Zeolite blend saw the cloth portions of the samples burn but the zeolite 
prevented any propagation past the burn zone. The Cheesecloth-UNS sample was run both as 
prepared and at a reduced particle size with the sample being broken up and passed through a #4 
sieve. Both forms of the material acted identically to each other. The firm and hard sample would 
shrivel slightly and then begin to turn white and grey in color with slight periodic popping sounds 
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(Image 1). No flames or propagation was observed during the testing. After testing, it was noticed 
that the burn area was moist and sticky even though it began as crisp and firm. Since the propagation 
of the flame did not occur on any of the samples they are both considered to be nonflammable under 
the laboratory test conditions.  
 
SW-846 1050: Spontaneous combustion and self heating 
 
In this test, the surrogates for this analysis were first sprinkled several times onto a ceramic tile to 
observe if they smoked or flamed and could be considered pyrophoric solids by test Method A. Since 
none of the samples exhibited these characteristics, they were tested by Method C. In this test, a 100-
mm sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 24 hours to 
determine whether it undergoes spontaneous ignition or a rise in sample temperature to over 200 oC 
within the 24 hours.  If the results of the preliminary test are positive, a second test using a 25-mm 
sample cube is conducted to further classify the waste as specified in Table 3. 
 
Table 3.  Method 1050 Waste Classification 

Results of Self-Heating Test DOT Packing Group 
Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III  
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II 

  
The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to 
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those samples 
believed to potentially have an event in order to keep the thermocouples and lids from coming off the 
sample. Once the thermocouples were in place, the oven was ramped to 140°C ± 2°C and held for 
24-48 hours depending on when the sample reached a stable temperature.  Although the method 
states testing to be conducted for 24 hours, the Cheesecloth-UNS-Zeolite sample did not reach 140°C 
± 2°C until late in the initial 24 hour period; therefore, the testing was extended to a minimum of 12 
hours after the sample had reached a stable temperature.  Temperatures of the oven and sample were 
collected every 10 seconds and plotted to determine if the sample temperature exceeded 200°C 
during the time of testing. At the conclusion of the test, the oven was turned off and allowed to cool 
before removing the sample. The oven and sample temperature graphs are located in Attachment A.   
 
Since previous samples having similar combinations of waste and zeolite did not self -heat, the 
Cheesecloth-UNS-Zeolite sample was analyzed in duplicate simultaneously using two 100mm cube. 
The sample and duplicate ran for 35 hours before the testing was terminated. Upon removal the 
towel portion of the sample had browned but the zeolite appeared as if it had been dried. The sample 
was also still loose with no visible clumping. Since no reaction appears to have occurred the sample 
was deemed to not be a self-heating waste under the laboratory conditions. 
 
The Cheesecloth-UNS sample was initially run in the 100mm cube. Thirty minutes into the analysis 
it was noticed that brown colored smoke was coming out of the back vent on the oven. It was not 
until around two hours and fifteen minutes into the analysis did an event take place. At this time, all 
four of the sample thermocouples rose in temperature to a max of 619°C. This temperature spike 
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lasted for an hour before the thermocouple returned to 140°C. The heat from this event caused the 
oven temperature to rise up to 160°C. When removed from the oven it was noted that the sample 
volume was reduced in half, the sample was very brittle and crumbled easily, and there were signs of 
burning present (Image 2). Testing proceeded to the 25mm cube which was performed in duplicate. 
During this testing the samples came to temperature very quickly and remained at temperature for the 
duration of the testing. When removed from the oven the samples had browned and become slightly 
more brittle than when they began (Image 3). Since an event occurred in the 100mm cube but not in 
the 25mm cube, the sample is categorized as a DOT Packing Group III under the laboratory 
conditions.  
 
DOT UN Oxidation testing 
 
The surrogate solid blends were tested in accordance with the United Nations (UN) 
“Recommendations on the Transport of Dangerous Goods”, Section 34, �&�O�D�V�V�L�I�L�F�D�W�L�R�Q���3�U�R�F�H�G�X�U�H�V����
�7�H�V�W���0�H�W�K�R�G�V���D�Q�G���&�U�L�W�H�U�L�D���5�H�O�D�W�L�Q�J���W�R���2�[�L�G�L�]�L�Q�J���6�X�E�V�W�D�Q�F�H�V���R�I���'�L�Y�L�V�L�R�Q��������������The UN procedure 
assesses the relative hazard of oxidizing substances so that an appropriate classification for transport 
can be made.  Tests are conducted on the samples mixed with dry fibrous cellulose in mixing ratios 
of 1:1 and 4:1, by mass, of sample to cellulose.  The burning characteristics of the mixtures are 
compared with the standard 3:7 mixture, by mass, of potassium bromated to cellulose.  If the burning 
time is less than the standard mixture, the burning times should be compared with those from 
packing group I or II or category I or II oxidizer, reference standards 3:2 and 2:3, by mass, of 
potassium bromated to cellulose, respectively. See Table 4 for classification. Table 5 presents the 
results for the reference standards. Tables 6 and 7 lists the comments the analyst noted for each of the 
two sample-to- cellulose ratio burns. The Cheesecloth-UNS sample was analyzed as prepared and at 
a reduced particle size where the sample was passed through a #4 sieve prior to mixing with 
cellulose. Both material sizes produced the same results with one slight exception noted in the 1:1 
sample ratio. Both Cheesecloth blends were classified as “Not Division 5.1” under the laboratory 
conditions. 
   
Table 4.  Oxidizer Classifications 

The test criteria for determining oxidizing properties of the substance are: 
UN  
Classification 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by 
mass, of potassium bromate and cellulose. 

Packing group I 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 2:3 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I 

Packing group II 

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) tested, 
exhibits a mean burning time equal to or less than the mean burning time of a 3:7 
mixture (by mass) of potassium bromate and cellulose; and which does not meet 
the criteria for packing group I and II. 

Packing group III 

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) 
tested, does not ignite and burn, or exhibit mean burning times greater than that of 
a 3:7 mixture (by mass) of potassium bromate and cellulose.  

Not Division 5.1 
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Table 5.  Potassium Bromate and Cellulose Reference Mixtures 
Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec 

3:7 2:3 3:2 
KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio KBrO3:Cellulose Ratio 

123.75 62.56 20.08 
 
Table 6.  Comments for Sample to Cellulose ratio of 4:1 

Sample ID Comment 4:1 

Cheesecloth-UNS 
Charring around the wire and lots of brown smoke throughout analysis. Only 
one of the five runs produced a flame which held throughout the analysis. 

Cheesecloth-UNS-Zeolite 
Charring around the wire and on the pieces of cloth. Slight smoke but no 
flames. 

 
Table 7. Comments for Sample to Cellulose ratio of 1:1 

Sample ID Comment  1:1 

Cheesecloth-UNS 
Charring around the wire. Several flames formed throughout the analysis with 
larger flames being present when the sample was not particle size reduced.  

Cheesecloth-UNS-Zeolite 
Low flames formed and burnt throughout and after power was turned off. 
Flames formed primarily around where the wire entered the sample pile. 

 
 

 
Image 1: Appearance of the Cheesecloth-UNS sample after 1030 analysis. 
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Image 2: Appearance of the Cheesecloth-UNS sample after 100mm cube 1050 analysis. 

 
Image 3: Appearance of the Cheesecloth-UNS sample after 25mm cube 1050 analysis.  
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Figure 1. Method 1050 – Cheesecloth-UNS-Zeolite (100mm cube) full run. 
 

 
Figure 2. Method 1050 – Cheesecloth-UNS-Zeolite (100mm cube) full run duplicate. 



2 
 

 
Figure 3. Method 1050 – Chesecloth-UNS (100mm cube) with event. 
 

 
Figure 4. Method 1050 – Cheesecloth-UNS (25mm cube) full run. 
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Figure 5. Method 1050 – Cheesecloth-UNS duplicate (25mm cube) full run. 
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I. Formulation of UNS Salt Solution Surrogate 
 
The UNS solution mix was provided by LANL and prepared as follows. The recipe was cut in half so 
as to try and minimize the amount of excess solution being left over after analysis. All the salts were 
weighed out and added to a 4L container. Then 850 mL of 7M nitric acid was added to dissolve the 
salts. After shaking only about a third of the salts had been dissolved. Another 850 mL of 7M nitric 
was added and the solution was shaken again. At this point about a third of the salts remained so 100 
to 150 mL increments of 7M nitric acid were added until only about 2% of salts remained. This 
brought the volume of nitric added up to 2400 mL and the total volume of solution up to almost 4L.  

 
II.  UNS Solution Treatment Technology Testing 

 
This report encompasses the preparation and analysis of the solid waste surrogates presented in Table 
1 used in the testing of the solution blending formulation and evaluation. Additionally, a 1:1 UNS to 
zeolite mixture was used in the solution blending off gas evaluation.   
 

Table 1 Aò UNS Surrogate Solution and Zeolite Blending Recipes 

Blend ID UNS/Zeolite Formulation 

  UNS Sol 
(ml) 

Zeolite 
(ml) 

Zeolite : UNS Sol  
Vol Ratio 

UNS/Zeo 1 100 200 2 
UNS/Zeo 2 75 225 3 
UNS/Zeo 3 60 240 4 
UNS/Zeo 4 50 250 5 

 
The sieve apparatus for testing was made by taking a square sheet of 325 um mesh and placing it 
over the opening of a 1L beaker. A depression was made in the mesh in the center of the beaker in 
which the sample would be placed. The mesh was then held in place by several rubber bands. This 
would allow for ease of removal of the sample and mesh once the analysis was completed. The 
blends in table 1 were made and added to their respective beakers. The sample and beaker where 
then placed into a zip lock bag and sealed for two weeks (Image 1). Observations were made each 
day to see if free liquid seeped through the mesh and into the beakers. After two weeks, the samples 
were removed and the beakers were reweighed to see how much material had seeped into the 
beakers. 
 
Blends Zeo 3 and Zeo 4 showed no signs of free liquids during the entirety of the two-week period. 
They did have slight moisture on the mesh but nothing seeped into the beaker. Zeo 2 had a small 
amount of solution seep through the mesh about 20 minutes after adding it to the beaker. Zeo 1 
started seeping through the mesh several seconds after adding it to the beaker (Image 2). The amount 
of solution passing the mesh sieve can be found in table 2. 
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Table 2 – Amount of Solution Passing Through 325mesh 

Blend ID 
Amount of Solution 

passing 325um mesh 
(g) 

UNS/Zeo1 31.09 
UNS/Zeo2 1.54 
UNS/Zeo3 < 0.01 
UNS/Zeo4 < 0.01 
UNS/Zeo4D < 0.01 

 
 
 
 

 
Image 1.  Setup of the Solution Blending Formulation and Evaluation testing. 
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Image 2. Zeo 1 several minutes after adding to sieve 
 
 

III.   UNS Solution Blending Off Gas Evaluation 
 
7-12-17 

�x 1L of Zeolite was placed inside the 1 gallon HC276 reaction vessel and sealed, vessel was 
then purged with N2 to 250psi and bled to zero three times and blocked in. 

�x 1L of UNS solution was placed in a transfer vessel and purged with N2 overnight. 
 
7-13-17 

�x The temperature of the process material and the pressure inside the sealed vessel were 
monitored throughout the test.  The pressure and temperature graph is presented in Figure 1. 

�x 8AM - 1 L of UNS solution was transferred into the autoclave and completed by 8:45AM, 
pressure was noted to rise approximate 11 psi during that time, mostly believed to be from 
the displacement of volume by addition of the 1 liter solution. Temperature rose from 69oF to 
a peak of about 84oF in the first 15 or 20 minutes, then settled and gradually dropped back to 
69oF by midnight (the mass of the HC276 vessel acting as a heat sink or the temperatures 
may have gone higher). 
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7-14-17 

�x 9AM - After a 24 hr hold gas samples were taken in two-1 L Tedlar bags, each having the 
manifold to the sample bag evacuated prior to taking the sample, both samples consumed the 
pressure that was in the vessel.  Approximately 1.5 L of gas was removed from the vessel. 

�x The vessel was then purged with N2 for several hours, then the cover removed.  Mostly liquid 
solution was seen and the solids of Zeolite could be felt on the bottom via stirring with an 
HC276 rod. 

 

 
Figure 1.  Pressure and Temperature Graph during Autoclave test 
 
 
The gas samples were logged into the LIMS system and given sample ID 617480. One Tedlar bag 
was used for the analysis of NOx using ion chromatography.  A 100-mL aliquot of gas was scrubbed 
through 20 mL of a trapping solution in duplicate.  The solutions were analyzed for nitrate-N and 
nitrite-N and were quantitated as NOx (vol %) in the gas sample.   
 
The other Tedlar bag was used for analysis of the Hydrogen, Oxygen, Nitrogen, Carbon Dioxide and 
Carbon Monoxide by GC/TCD. Two analytical sequences were used to analyze the samples.  The 
analysis of Hydrogen was performed using a Thermal Conductivity detector set in negative [-] mode 
equipped with a Carbosphere stainless steel column with Nitrogen as a carrier gas.  The analysis of 
Oxygen, Nitrogen, Carbon Monoxide and Carbon Dioxide was performed using a Thermal 
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Conductivity detector set in positive [+] mode equipped with a Carbosphere stainless steel column 
with Helium as a carrier gas. 
 
Table 3 contains the sample results for the gas samples.  Sample was analyzed in duplicate.  
 
Table 3                    
Gas 617480 Gas  617480Dup Gas  %RPD 
Hydrogen <0.5 <0.5 0.0% 
Oxygen <1.0 <1.0 0 
Nitrogen 50.1 49.4 1.4% 
Carbon Dioxide 52.1 52.1 0.0% 
Carbon Monoxide  <1.0 <1.0 0 
NOx 0.118% 0.136% 14.2% 

 
 
 
 “I certify that this data package is in compliance with the terms and conditions of the 
contract, both technically and for completeness, for other than the conditions detailed above.  
Release of the data contained in this hardcopy data package and in the computer-readable 
data submitted on diskette has been authorized by the laboratory manager or his/her designee, 
as verified by the following signature.  This report shall not be reproduced except in full 
without the written approval of SwRI.” 
 
 

  _                        __                                 7/25/17     ___    
Principal Scientist      Date 
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WETCHEM ANALYSIS  
 
Initial sample preparation 
 
This report encompasses the preparation and analysis of the solid waste presented in Table 1, which 
also contains the methods performed on each piece of material. All tests were performed in duplicate 
if the initial run passed test specifications. The solid waste samples were prepared in three separate 
ways; as received, being impregnated with RNS salt surrogate (WB8), and by being soaked in UNS 
liquid and then dried. The samples receiving the WB8 treatment were initially submerged in the salt 
surrogate for several minutes. They were then removed from the WB8 and a rolling pin was used to 
try and impregnate the debris material with the WB8 (image 1 & 2). The samples were then shaken 
off and submitted for analysis. The samples receiving UNS treatment were submerged into the UNS 
liquid for two hours prior to being removed and allowed to drain for one hour (image 3). The debris 
was then placed into an oven at 55°C to dry to a constant weight prior to analysis (image 4). Samples 
took between two to three days to dry out with the exception of the 25mm Celotex + UNS samples 
which took only a little over 12 hours to dry. After soaking and drying in the UNS solution, it was 
noted that the Celotex became more brittle and darkened (image 5). The material uptake of the UNS 
and WB8 surrogates by the debris can be found in Table 2 and 3 respectively.  
 
Table 1. Solid Waste analysis table 

Surrogate ID 
Times 
made 

Methods 

1030 1050 

Celotex 1 1 1 

Celotex + UNS 1 2 3 

Celotex + WB8 1 2 2 

Plywood 1 1 1 

Plywood +UNS 1 2 2 

Plywood + WB8 1 2 2 

 
 
Table 2. Weight of UNS treated samples 

Sample ID Test 
Material 
wgt (g) 

Material wgt + 
UNS solution (g) 

Material wgt 
+ dried (g) 

Dried UNS 
absorbed (g) 

Celotex + UNS 1050 270.963 336.441 289.931 18.968 
Celotex + UNS Dup 1050 272.037 371.472 312.173 40.136 
Celotex + UNS* 1030 26.432 36.443 29.675 3.243 
Plywood + UNS 1050 475.672 580.77 506.47 30.798 
Plywood + UNS Dup 1050 485.476 582.44 497.99 12.514 
Plywood + UNS* 1030 28.724 36.754 30.492 1.768 
Celotex + UNS 25mm 1050 4.105 6.049 4.676 0.571 
Celotex + UNS 25mm Dup 1050 4.041 6.166 4.681 0.640 
* Both strips measured at the same time rather than independently. 
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Table 3. Weight of WB8 (RNS) treated samples. 

Sample ID Test Material wgt (g) 
Material wgt + 

WB8 (g) 
WB8 impregnated 
onto sample (g) 

Celotex + WB8 1050 271.061 352.205 81.144 
Celotex + WB8 Dup 1050 271.810 341.704 69.894 
Celotex + WB8 1030 14.417 26.612 12.195 
Celotex + WB8 Dup 1030 12.970 25.611 12.641 
Plywood + WB8 1050 503.51 609.92 106.41 
Plywood + WB8 Dup 1050 512.66 605.74 93.08 
Plywood + WB8 1030 15.444 19.331 3.887 
Plywood + WB8 Dup 1030 17.823 21.921 4.098 

 
 
SW-846 1030: Ignitability of Solids 
 
In this test, an ignition source is applied to one end of the test material to determine whether 
combustion will propagate along 200 mm of the strip within 2 minutes. If the material combustion 
propagates, the burning time was measured over a distance of 100 mm and the rate of burning would 
be determined. The solid waste was cut into a 250 mm length strip that was placed atop a ceramic 
tile with marks at the 80 and 180 mm in from the end of the strip. The ceramic tile was placed about 
8 inches in a hood with the sash lowered to give airflow of about 0.7 m/sec. One end of the strip was 
exposed to the end of an acetylene torch with a temperature greater than 1000°C. The torch was held 
there for 2 minutes and if the sample began to burn down the strip the time taken to get from the 80 
to 180 mm mark was measured to determine the burn rate.  
 
The plywood sample, as received, just charred and burned where the torch was applied whereas the 
Celotex sample burned and propagated about 30 mm across the sample test zone (Image 6 & 7).  The 
samples treated with UNS solution burned within the burn zone but did not propagate across the 
sample (Image 8 & 9). They had very similar appearance to the debris as received.  The samples 
treated with WB8 salt surrogate had burning in the burn zone with the salts boiling and forming a 
layer on the outside of the sample (Image 10 & 11).  Under the laboratory conditions, all the samples 
are classified as nonflammable.  
 
SW-846 1050: Spontaneous combustion and self heating 
 
Since none of the samples exhibited characteristics of Method A, they were tested by Method C. In 
this test, a 100-mm sample cube is exposed to a test temperature of 140°C ± 2°C for a minimum of 
24 hours to determine whether it undergoes spontaneous ignition or a rise in sample temperature to 
over 200 oC within the 24 hours.  If the results of the preliminary 100mm test are positive, a second 
test using a 25-mm sample cube is conducted to further classify the waste as specified in Table 4. 
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Table 4.  Method 1050 Waste Classification 

Results of Self-Heating Test DOT Packing Group 
Negative for the 100-mm cube test Not a Self-Heating Waste 
Positive for the 100-mm , but negative for the 25-mm cube test III  
Positive for both the 100-mm and 25-mm cube tests or positive 
for the 25-mm test, if tested alone 

II 

  
The filled cube was placed into an oven with one thermocouple measuring the oven temp and up to 
three thermocouples inserted into each sample to measure its temperature during the analysis. Lids 
were placed onto the top of the test cubes and tungsten weights were placed on top of those samples 
believed to potentially have an event in order to keep the thermocouples and lids from coming off the 
sample. Once the thermocouples were in place, the oven was ramped to 140°C ± 2°C and held for 24 
hours. Temperatures of the oven and sample were collected every 10 seconds and plotted to 
determine if the sample temperature exceeded 200°C during the time of testing. At the conclusion of 
the test, the oven was turned off and allowed to cool before removing the sample. The oven and 
sample temperature graphs are located in Attachment A.   
 
All of the plywood debris samples followed a similar pattern of coming up to temperature between 5 
and 8 hours into the analysis and would remain there for the remainder of the testing period. The 
WB8 and UNS treated samples would reach a maximum temperature of 143°C which is still well 
below the 200°C limit. After analysis the WB8 treated samples appeared covered in a layer of 
bubbled up dried salt solution where as the UNS treated samples were dried, cracked, and covered in 
areas of dried UNS solution (images 12 & 13). Towards the 19 hour mark of the plywood UNS 
duplicate analysis run, the oven thermocouple began to have issues that caused reading to be in the 
137ºC range which is outside the 140±2ºC range. At this point in the test the sample had a stabilized 
temperature and this was not believed to be an issue. All of the plywood samples were deemed to be 
"not a self heating waste" under laboratory conditions. 
 
The Celotex samples showed self-heating when the WB8 and UNS surrogates were added to it. 
During the WB8 testing, the sample temperature of the initial run rose up to 160ºC and the duplicate 
rose to 146ºC. When removed from the oven the samples had dried bubble up salts on the exterior of 
the sample with slight charring marks on the interior region (Image 14).  This shows the possible 
potential of the sample to self-heat. During the UNS testing, the sample temperature of the initial run 
rose to 151ºC and the duplicate did self heat causing the temperature to reach 683ºC. The sample 
from the first run was very brittle and had formed distinct cracks across the sample where as the 
second run produced a sample that was charred and ash (image 15 & 16).  Due to this self heating, 
the UNS treated Celotex was analyzed in the 25mm cube. During this testing the sample temperature 
reached a maximum of 145ºC. When the sample was removed from the oven it was a darkened 
brown to black in color and was slightly more brittle then when it was placed in the oven (Image 17). 
From the laboratory testing, the Celotex as is and with the WB8 surrogate salt are considered to be 
"not as self heating waste". The Celotex + UNS sample is considered to be a "DOT packing group 
III".  
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Image 1: Impregnating WB8 into the Celotex samples. 
 

 
Image 2: Impregnating the WB8 material into the plywood. 
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Image 3: Soaking of the debris in UNS salt solution.  
 

 
Image 4: Debris material draining and drying after UNS solution treatment.  
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Image 5: Celotex after being treated with UNS solution and dried.   
 

 
Image 6: SW-846 1030 performed on the plywood as received.  
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Image 7: SW-846 1030 performed on the Celotex as received. 
 

 
Image 8: SW-846 1030 performed on the plywood treated with UNS solution.  
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Image 9: SW-846 1030 performed on the Celotex treated with UNS solution.  
 

 
Image 10: SW-846 1030 performed on the plywood treated with WB8 surrogate salt.  
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Image 11: SW-846 1030 performed on the Celotex treated with WB8 surrogate salt.  
 

 
Image 12: SW-846 1050 performed on plywood treated with WB8 surrogate salt.  
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Image 13: SW-846 1050 performed on plywood treated with UNS salt solution.  
 

 
Image 14: SW-846 1050 performed on Celotex treated with WB8 surrogate salt.  
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Image 15: SW-846 1050 performed on Celotex treated with UNS solution initial run.  
 

 
Image 16: SW-846 1050 performed on Celotex treated with UNS solution duplicate run.  
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Figure 1. Method 1050 – Celotex Baseline (100mm cube). 
 

 
Figure 2. Method 1050 – Celotex and WB8 (100mm cube). 
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Figure 3. Method 1050 – Celotex and WB8 duplicate (100mm cube). 
 

 
Figure 4. Method 1050 – Celotex and UNS (100mm cube). 
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Figure 5. Method 1050 – Celotex and UNS duplicate run with event (100mm cube). 
.  

 
Figure 6. Method 1050 – Celotex and UNS sample and duplicate (25mm cube). 
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Figure 7. Method 1050 – Plywood Baseline (100mm cube). 
 

 
Figure 8. Method 1050 – Plywood and WB8 (100mm cube). 
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Figure 9. Method 1050 – Plywood and WB8 duplicate (100mm cube). 
 

 
Figure 10. Method 1050 – Plywood and UNS (100mm cube). 
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Figure 11. Method 1050 – Plywood and UNS duplicate (100mm cube). 
 
 
 
 



































































































































































































Appendix W 
M7-16-6042, Rev 1 - Results from First Round of Remediated Nitrate Salt  

Surrogate Formulation and Testing, February 22, 2016 
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WX-7-AC-51933 Analytical Laboratory Report 
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Appendix Z 
ADEM-17-0023, Evaluation of the Applicability of the D003 Characteristic (Reactivity) 

to Remediated Nitrate Salt Waste (RNS) 
January 31, 2017 
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������ �3�U�R�R�I�U�H�D�G�� �W�K�H�� �G�R�F�X�P�H�Q�W�� �I�R�U�� �J�H�Q�H�U�D�O�� �I�R�U�P�D�W�����U�H�D�G�D�E�L�O�L�W�\���� �S�X�Q�F�W�X�D�W�L�R�Q���� �D�Q�G�� �J�U�D�P�P�D�U���� �� �$�U�H��

�W�K�H�V�H���D�F�F�H�S�W�D�E�O�H���W�R���\�R�X�"��
�� �� ��

������ �,�V���W�K�H���G�R�F�X�P�H�Q�W�D�W�L�R�Q���O�H�J�L�E�O�H�����U�H�S�U�R�G�X�F�L�E�O�H���D�Q�G���L�Q���D���I�R�U�P���V�X�L�W�D�E�O�H���I�R�U���D�U�F�K�L�Y�L�Q�J���D�V���D���4�X�D�O�L�W�\��
�5�H�F�R�U�G�"�����7�K�L�V���L�Q�F�O�X�G�H�V���F�R�Q�I�L�U�P�L�Q�J���W�K�H�����S�G�I���D�Q�G�����G�R�F���I�L�O�H�V���D�U�H���L�G�H�Q�W�L�F�D�O���L�Q���F�R�Q�W�H�Q�W������

 �� ��

������ �$�U�H���D�O�O���W�K�H���S�D�J�H�V���V�H�T�X�H�Q�W�L�D�O�O�\���Q�X�P�E�H�U�H�G���D�Q�G���D�U�H���W�K�H���G�R�F�X�P�H�Q�W���Q�X�P�E�H�U���D�Q�G���U�H�Y�L�V�L�R�Q���Q�X�P�E�H�U��
�O�L�V�W�H�G���R�Q���H�D�F�K���S�D�J�H�"��

  ��

������ �,�V���W�K�H���5�H�F�R�U�G���R�I���5�H�Y�L�V�L�R�Q���S�D�J�H���I�L�O�O�H�G���L�Q���F�R�U�U�H�F�W�O�\���L�Q�F�O�X�G�L�Q�J���5�H�Y�L�V�L�R�Q�����'�D�W�H�����D�Q�G���'�H�V�F�U�L�S�W�L�R�Q��
�R�I���5�H�Y�L�V�L�R�Q�V�����L�I���D�S�S�O�L�F�D�E�O�H�"��

  ��

������ �$�U�H���W�K�H���S�D�J�H���Q�X�P�E�H�U�V���L�Q���W�K�H���7�D�E�O�H���R�I���&�R�Q�W�H�Q�W�V���S�U�R�Y�L�G�H�G���D�Q�G���F�R�U�U�H�F�W�"��   ��
������ �$�U�H���$�F�U�R�Q�\�P�V���G�H�I�L�Q�H�G���L�Q���W�K�H���G�R�F�X�P�H�Q�W�����H�L�W�K�H�U���L�Q�G�L�Y�L�G�X�D�O�O�\���R�U���R�Q���D���V�H�S�D�U�D�W�H���S�D�J�H���"��   ��
������ �$�U�H���)�L�J�X�U�H�V���O�D�E�H�O�H�G���F�R�Q�V�L�V�W�H�Q�W�O�\���D�Q�G���G�R���W�K�H�\���L�Q�F�O�X�G�H���X�Q�L�W�V���R�I���P�H�D�V�X�U�H�"��  �� ��
������ �$�U�H���W�K�H���X�Q�L�W�V���R�I���P�H�D�V�X�U�H���F�O�H�D�U�O�\���L�G�H�Q�W�L�I�L�H�G���D�Q�G���X�V�H�G���W�K�U�R�X�J�K�R�X�W�"��   ��

������ �'�R���D�O�O���F�U�R�V�V���U�H�I�H�U�H�Q�F�H�V���W�R���W�D�E�O�H�V�����I�L�J�X�U�H�V�����U�H�I�H�U�H�Q�F�H�V�����D�Q�G���V�H�F�W�L�R�Q�V���S�R�L�Q�W���W�R���D�Q���R�E�M�H�F�W���R�I���W�K�H��
�J�L�Y�H�Q���W�\�S�H�"��

  ��

�������� �$�U�H���V�\�P�E�R�O�V�����H���J�������*�U�H�H�N���O�H�W�W�H�U�V�����X�V�H�G���F�R�U�U�H�F�W�O�\�"��   ��

�������� �,�V���V�X�I�I�L�F�L�H�Q�W���L�Q�I�R�U�P�D�W�L�R�Q�����L�Q�F�O�X�G�L�Q�J���)�$�,���4�$�5���Q�X�P�E�H�U���I�R�U���)�$�,���G�R�F�X�P�H�Q�W�V�����S�U�R�Y�L�G�H�G���I�R�U���D�O�O��
���5�H�I�H�U�H�Q�F�H�V���� �W�R�� �I�D�F�L�O�L�W�D�W�H�� �W�K�H�L�U�� �U�H�W�U�L�H�Y�D�O�� �L�Q�F�O�X�G�L�Q�J�� �G�R�F�X�P�H�Q�W�V�� �Q�R�W�� �P�D�L�Q�W�D�L�Q�H�G�� �D�V�� �T�X�D�O�L�W�\��
�U�H�F�R�U�G�V�����R�U���K�D�V���D���F�R�S�\���E�H�H�Q���S�U�R�Y�L�G�H�G���L�Q���D�Q���$�S�S�H�Q�G�L�[���W�R���W�K�H���U�H�S�R�U�W�"��

��  ��

�������� �$�U�H���D�O�O���5�H�I�H�U�H�Q�F�H�V���O�L�V�W�H�G���U�H�I�H�U�U�H�G���W�R���L�Q���W�K�H���W�H�[�W���D�Q�G���Y�L�F�H���Y�H�U�V�D�"��   ��
�������� �,�V���W�K�H���F�R�Q�W�H�Q�W���R�I���W�K�H���$�S�S�H�Q�G�L�F�H�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���Z�K�D�W���W�K�H���G�R�F�X�P�H�Q�W���V�W�D�W�H�V���L�W���L�V�"��   ��

Calc Notes 
�%�R�G�\���R�I���&�D�O�F���1�R�W�H�V��

�������� �,�V���D�O�O���L�Q�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H���F�R�Y�H�U���S�D�J�H���K�H�D�G�H�U���E�O�R�F�N���F�R�P�S�O�H�W�H�G���D�S�S�U�R�S�U�L�D�W�H�O�\�"�� �� �� ��
�������� �$�U�H�� �W�K�H�� �U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�� �R�I�� �W�K�H�� �D�X�W�K�R�U���V���� �D�Q�G�� �Y�H�U�L�I�L�H�U���V���� �F�O�H�D�U�O�\�� �G�R�F�X�P�H�Q�W�H�G�"�� ���H���J���� �E�\�� �S�D�J�H��

�Q�X�P�E�H�U�V�����V�H�F�W�L�R�Q���Q�X�P�E�H�U�V�����H�W�F������
 �� ��

�������� �,�V���W�K�H���U�H�S�R�U�W���U�H�Y�L�V�L�R�Q���Q�X�P�E�H�U���R�Q���H�D�F�K���S�D�J�H�"��   ��
�������� �$�U�H���7�D�E�O�H�V���O�D�E�H�O�H�G���F�R�Q�V�L�V�W�H�Q�W�O�\���D�Q�G���G�R���W�K�H�\���L�Q�F�O�X�G�H���X�Q�L�W�V���R�I���P�H�D�V�X�U�H�"��   ��

�������� �,�V�� �E�D�F�N�J�U�R�X�Q�G�� �L�Q�I�R�U�P�D�W�L�R�Q�� �D�Q�G�� �S�X�U�S�R�V�H�� �R�I�� �W�K�H�� �F�D�O�F�X�O�D�W�L�R�Q�� �F�O�H�D�U�O�\�� �V�W�D�W�H�G�� �L�Q���W�K�H�� �D�S�S�U�R�S�U�L�D�W�H��
�V�H�F�W�L�R�Q�"��

�� �� ��

�������� �,�I���D�S�S�O�L�F�D�E�O�H�����K�D�Y�H���W�K�H���O�L�P�L�W�V���R�I���D�S�S�O�L�F�D�E�L�O�L�W�\���E�H�H�Q���O�L�V�W�H�G�"��  �� ��
�������� �,�I���D�S�S�O�L�F�D�E�O�H�����D�U�H���R�S�H�Q���L�W�H�P�V���L�G�H�Q�W�L�I�L�H�G�"��   ��
�������� �$�U�H���W�K�H���$�F�F�H�S�W�D�Q�F�H���&�U�L�W�H�U�L�D���O�L�V�W�H�G���L�Q���W�K�H���D�S�S�U�R�S�U�L�D�W�H���V�H�F�W�L�R�Q�����L�I���D�S�S�O�L�F�D�E�O�H���"��   ��
�������� �'�R�H�V���W�K�H���&�D�O�F���1�R�W�H���L�Q�F�O�X�G�H���D���G�L�V�F�X�V�V�L�R�Q���R�Q���W�K�H���P�H�W�K�R�G�R�O�R�J�\���X�V�H�G�"��   ��

�������� �,�I�� �D�S�S�O�L�F�D�E�O�H���� �D�U�H�� �U�H�I�H�U�H�Q�F�H�V�� �W�R�� �W�K�H�� �X�W�L�O�L�W�\���� �S�O�D�Q�W���� �X�Q�L�W���� �D�Q�G�� �F�\�F�O�H�� �F�R�U�U�H�F�W�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R��
�V�S�H�O�O�L�Q�J���D�Q�G���F�R�Q�V�L�V�W�H�Q�F�\���R�I���X�V�H�"��

  ��
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�� �<�H�V�� �1�R�� �1���$��

�%�R�G�\���R�I���'�R�F�X�P�H�Q�W��
�������� �,�V�� �W�K�H�� �6�X�P�P�D�U�\���&�R�Q�F�O�X�V�L�R�Q�� �F�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K�� �W�K�H�� �S�X�U�S�R�V�H�� �V�W�D�W�H�G�� �D�Q�G�� �F�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K�� �W�K�H��

�U�H�V�X�O�W�V���V�H�F�W�L�R�Q�"��
�� �� ��

�&�R�P�S�X�W�H�U���5�X�Q�V��
�������� �$�U�H���W�K�H���F�R�P�S�X�W�H�U���F�R�G�H�V���X�V�H�G���F�O�H�D�U�O�\���L�G�H�Q�W�L�I�L�H�G���D�Q�G���L�V���D�O�O���U�H�T�X�L�U�H�G���L�Q�I�R�U�P�D�W�L�R�Q���L�Q�F�O�X�G�H�G���S�H�U��

�)�$�,���,�*�������������$�W�W�D�F�K�P�H�Q�W�����"��
�� �� ��

�������� �,�I���D�S�S�O�L�F�D�E�O�H�����D�U�H���D�O�O���H�O�H�F�W�U�R�Q�L�F���I�L�O�H�V���O�L�V�W�H�G���L�Q���W�K�H���H�O�H�F�W�U�R�Q�L�F�D�O�O�\���D�W�W�D�F�K�H�G���I�L�O�H���O�L�V�W�L�Q�J�"��  �� ��

�������� �,�I�� �D�S�S�O�L�F�D�E�O�H���� �G�R�H�V�� �W�K�H�� �H�O�H�F�W�U�R�Q�L�F�D�O�O�\�� �D�W�W�D�F�K�H�G�� �I�L�O�H�� �O�L�V�W�L�Q�J�� �D�S�S�U�R�S�U�L�D�W�H�O�\�� �U�H�I�H�U�H�Q�F�H���W�K�H�� �F�R�G�H�V��
�X�V�H�G�"��

  ��

Checklists  
�������� �+�D�V�� �W�K�H�� �Y�H�U�L�I�L�H�U�� �L�Q�L�W�L�D�W�H�G�� �R�Q�H�� �R�U�� �P�R�U�H�� �R�I�� �W�K�H�� �9�H�U�L�I�L�F�D�W�L�R�Q�� �0�H�W�K�R�G�V�� �R�I�� �U�H�Y�L�H�Z�� �L�Q�� �W�K�H��

�9�H�U�L�I�L�F�D�W�L�R�Q���0�H�W�K�R�G���&�K�H�F�N�O�L�V�W�"��
�� �� ��

�������� �+�D�V���W�K�H���Y�H�U�L�I�L�H�U���S�U�R�Y�L�G�H�G���D�Q���H�[�S�O�D�Q�D�W�L�R�Q���R�I���W�K�H���P�H�W�K�R�G���R�I���U�H�Y�L�H�Z���L�Q���W�K�H���9�H�U�L�I�L�F�D�W�L�R�Q���0�H�W�K�R�G��
�&�K�H�F�N�O�L�V�W�"��

 �� ��

�������� �,�V�� �D�Q�� �H�[�S�O�D�Q�D�W�L�R�Q�� �R�U�� �M�X�V�W�L�I�L�F�D�W�L�R�Q�� �I�R�U�� �D�Q�\�� ���1�2���� �U�H�V�S�R�Q�V�H�V�� �R�Q�� �W�K�H�� �����3�D�V�V�� �0�H�W�K�R�G�R�O�R�J�\��
�&�K�H�F�N�O�L�V�W���V�����S�U�H�V�H�Q�W�H�G�"��

  ��

�������� �$�U�H���$�X�W�K�R�U�
�V���U�H�V�S�R�Q�V�H�V���S�U�R�Y�L�G�H�G���W�R���$�G�G�L�W�L�R�Q�D�O���9�H�U�L�I�L�H�U���&�R�P�P�H�Q�W�V���R�U���Q�R�W�H�G���D�V���Q�R�W���U�H�T�X�L�U�H�G�"��   ��

Additional Questions for Software Calc Notes  
�������� �,�V�� �W�K�H�� �V�R�I�W�Z�D�U�H���Q�D�P�H���� �Y�H�U�V�L�R�Q���Q�X�P�E�H�U�����D�Q�G���V�\�V�W�H�P�� �V�W�D�W�H���V���� �Z�K�H�U�H���W�K�H���V�R�I�W�Z�D�U�H�� �Z�D�V�� �F�U�H�D�W�H�G��

�R�U���Y�D�O�L�G�D�W�H�G���S�U�R�Y�L�G�H�G�"�����R�U�����L�V���D���U�H�I�H�U�H�Q�F�H���I�R�U���W�K�H���V�R�I�W�Z�D�U�H���Y�D�O�L�G�D�W�L�R�Q���S�U�R�Y�L�G�H�G�"����
�� �� ��

�������� �,�I�� �U�H�V�X�O�W�V�� �D�U�H�� �E�D�V�H�G�� �R�Q�� �F�R�G�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�U�� �P�R�G�L�I�L�F�D�W�L�R�Q�V���� �L�V�� �D�� �V�R�X�U�F�H�� �F�R�G�H�� �O�L�V�W�L�Q�J�� �R�U��
�U�H�I�H�U�H�Q�F�H�� �W�R�� �D�� �F�R�Q�W�U�R�O�O�H�G�� �O�R�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�R�X�U�F�H�� �F�R�G�H�� �L�Q�F�O�X�G�H�G�"�� �$�O�W�H�U�Q�D�W�H�O�\���� �L�I�� �U�H�V�X�O�W�V�� �D�U�H��
�E�D�V�H�G���R�Q���D�Y�D�L�O�D�E�O�H���V�R�I�W�Z�D�U�H���L�V���W�K�H���V�R�I�W�Z�D�U�H���L�Q���D���F�R�Q�W�U�R�O�O�H�G���O�R�F�D�W�L�R�Q�"��

 �� ��

�������� �'�R�H�V���W�K�H���V�R�I�W�Z�D�U�H���R�X�W�S�X�W���L�Q�F�O�X�G�H���W�K�H���G�D�W�H���R�I���H�[�H�F�X�W�L�R�Q�"�����7�K�L�V���F�R�X�O�G���E�H���L�Q���W�K�H���I�R�U�P���R�I���D���W�D�E�O�H��
�R�U���D�Q���R�X�W�S�X�W���I�L�O�H���K�H�D�G�H�U������

  ��

�������� �'�R�H�V���W�K�H���V�R�I�W�Z�D�U�H���L�Q�S�X�W���L�Q�F�O�X�G�H���D���G�H�V�F�U�L�S�W�L�R�Q���R�I���Z�K�D�W���L�V���E�H�L�Q�J���D�Q�D�O�\�]�H�G�"�����,�Q���W�K�H���E�R�G�\���R�I���W�K�H��
�U�H�S�R�U�W���R�U���G�H�V�F�U�L�S�W�L�R�Q���K�H�D�G�H�U���L�Q���W�K�H���L�Q�S�X�W���I�L�O�H���W�H�[�W������

  ��

�(�G�L�W�R�U�L�D�O���5�H�Y�L�H�Z�H�U���&�R�P�P�H�Q�W�V�����L�I���Q�H�H�G�H�G��������
��

�� ��
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�F�� �5�(�&�2�5�'���2�)���5�(�9�,�6�,�2�1�6��

�5�H�Y����
�'�D�W�H��

���0�R�Q�W�K�����<�H�D�U����
�&�$�3�$�/���,�V�V�X�H���,�'��
���,�I���$�S�S�O�L�F�D�E�O�H���� �5�H�Y�L�V�L�R�Q���'�H�V�F�U�L�S�W�L�R�Q��

�$�� �-�X�O�\�������������� �� �,�Q�L�W�L�D�O���'�U�D�I�W���I�R�U���&�X�V�W�R�P�H�U���5�H�Y�L�H�Z��

�%�� �-�X�O�\�������������� �� �$�G�G�H�G���W�H�V�W���G�X�U�D�W�L�R�Q���D�Q�G���W�H�V�W���G�D�W�H�V����

���� �$�X�J�X�V�W�������������� ��
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1.0 �,�1�7�5�2�'�8�&�7�,�2�1��

�7�H�V�W�L�Q�J�� �Z�D�V�� �S�H�U�I�R�U�P�H�G�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �H�I�I�H�F�W�V�� �R�I�� �K�H�D�W�L�Q�J�� �D�� �P�L�[�W�X�U�H�� �X�Q�G�H�U�� �F�R�Q�I�L�Q�H�P�H�Q�W�� �L�Q��
�D�G�G�L�W�L�R�Q�� �W�R�� �W�K�H�� �H�I�I�H�F�W�� �R�I�� �L�J�Q�L�W�L�Q�J�� �D�� �P�L�[�W�X�U�H�� �X�Q�G�H�U�� �F�R�Q�I�L�Q�H�P�H�Q�W���� �7�K�H�� �W�H�V�W�L�Q�J�� �Z�D�V�� �S�H�U�I�R�U�P�H�G�� �L�Q��
�D�F�F�R�U�G�D�Q�F�H�� �W�R Recommendations on the Transport of Dangerous Goods Manual of Tests and 
Criteria���7�H�V�W���������E�������.�R�H�Q�H�Q���W�H�V�W���X�V�L�Q�J���R�Q�O�\���D�������P�P���R�U�L�I�L�F�H���D�Q�G���8�1���7�H�V�W���������F�������L�������7�L�P�H���S�U�H�V�V�X�U�H��
�W�H�V�W�����7�3�7��������
��
�7�K�H�V�H���W�H�V�W�V�� �Z�H�U�H���S�H�U�I�R�U�P�H�G���R�Q�� �W�Z�R���G�L�I�I�H�U�H�Q�W���W�\�S�H�V���R�I�� �P�L�[�W�X�U�H�V���� �5�H�P�H�G�L�D�W�H�G���1�L�W�U�D�W�H���6�D�O�W�����5�1�6����
�6�X�U�U�R�J�D�W�H�� �0�L�[�W�X�U�H�� �D�Q�G�� �8�Q�U�H�P�H�G�L�D�W�H�G�� �1�L�W�U�D�W�H�� �6�D�O�W�� ���8�1�6���� �6�R�O�X�W�L�R�Q�� �6�X�U�U�R�J�D�W�H�� �0�L�[�W�X�U�H���� �$��
�G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���P�L�[�W�X�U�H�V���D�Q�G���W�K�H�L�U���F�R�P�S�R�V�L�W�L�R�Q�V���D�U�H���S�U�R�Y�L�G�H�G���L�Q���7�D�E�O�H�V�����������W�K�U�R�X�J�K���7�D�E�O�H����������
�L�Q���6�H�F�W�L�R�Q���������������$���V�X�P�P�D�U�\���R�I���W�K�H���.�R�H�Q�H�Q���D�Q�G���7�L�P�H���3�U�H�V�V�X�U�H���7�H�V�W���U�H�V�X�O�W�V���I�R�U���W�K�H���5�1�6���D�Q�G���8�1�6��
�P�L�[�W�X�U�H�V���D�U�H���S�U�R�Y�L�G�H�G���L�Q���7�D�E�O�H������������

�7�D�E�O�H�������������7�H�V�W���5�H�V�X�O�W�V��

�0�L�[�W�X�U�H�� �.�R�H�Q�H�Q���7�H�V�W���5�H�V�X�O�W�‚���� �7�L�P�H���3�U�H�V�V�X�U�H���7�H�V�W���5�H�V�X�O�W�V��

�5�1�6���%�O�H�Q�G������ �Š�'�´ �������1�H�J�D�W�L�Y�H�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�%� �́������1�H�J�D�W�L�Y�H�Á�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�$� �́������1�H�J�D�W�L�Y�H�� �Š�² � �́�

�5�1�6���%�O�H�Q�G������ �Š�' � �́������1�H�J�D�W�L�Y�H�Á�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�)� �́������3�R�V�L�W�L�Y�H�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�2� �́������1�H�J�D�W�L�Y�H�� �Š�² � �́�
�‚���'�H�V�F�U�L�S�W�L�R�Q�V�� �R�I�� �W�K�H�� �Y�D�U�L�R�X�V�� �H�I�I�H�F�W�V�� �L�V�� �S�U�R�Y�L�G�H�G�� �L�Q�� �W�K�H�� �.�R�H�Q�H�Q�� �7�H�V�W�� �3�U�R�F�H�G�X�U�H�� �L�Q��

�6�H�F�W�L�R�Q��������������
�Á���7�K�H�V�H���V�D�P�S�O�H�V���L�Q�L�W�L�D�O�O�\���V�K�R�Z�H�G���D���Š�S�R�V�L�W�L�Y�H�´���U�H�V�X�O�W�������7�K�H���W�H�V�W�L�Q�J���Z�D�V���U�H�S�H�D�W�H�G���D�I�W�H�U���L�W��

�Z�D�V�� �I�R�X�Q�G�� �W�K�D�W�� �W�K�H�� �K�H�D�W�L�Q�J�� �U�D�W�H�� �Z�D�V�� �V�O�L�J�K�W�O�\�� �I�D�V�W�H�U�� �W�K�D�Q�� �W�K�H�� �V�S�H�F�L�I�L�F�D�W�L�R�Q�V�� �L�Q�� �W�K�H��
�V�W�D�Q�G�D�U�G����

��
�7�K�H���.�R�H�Q�H�Q���W�H�V�W���U�H�V�X�O�W�V���I�R�U���W�K�H�V�H���P�L�[�W�X�U�H�V���K�D�G���D���W�H�Q�G�H�Q�F�\���W�R���Y�D�U�\���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�H�V�W���W�R���W�H�V�W������
�,�W���L�V���E�H�O�L�H�Y�H�G���W�R���E�H���D���U�H�V�X�O�W���R�I���W�K�H���O�L�N�H�O�L�K�R�R�G���R�I���Z�K�H�W�K�H�U���R�U���Q�R�W���W�K�H���R�U�L�I�L�F�H���Z�R�X�O�G���S�O�X�J���G�X�U�L�Q�J���W�K�H��
�W�H�V�W��� � � � �7�K�H�� �7�3�7�� �U�H�V�X�O�W�V�� �S�U�R�G�X�F�H�G�� �D�� �Q�H�J�D�W�L�Y�H�� �U�H�V�X�O�W�� �I�R�U�� �H�D�F�K�� �R�I�� �W�K�H�� �V�D�P�S�O�H�V�� �P�H�D�Q�L�Q�J�� �W�K�D�W�� �W�K�H�V�H��
�V�D�P�S�O�H�V���G�R���Q�R�W���V�K�R�Z���D���O�L�N�H�O�L�K�R�R�G���R�I���G�H�I�O�D�J�U�D�W�L�R�Q����

�� ��
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2.0 �(�;�3�(�5�,�0�(�1�7�$�/���7�(�6�7���0�(�7�+�2�'�6���$�1�'���9�$�/�,�'�$�7�,�2�1��

�7�K�H���.�R�H�Q�H�Q���D�Q�G���7�3�7���W�H�V�W�L�Q�J���S�H�U�I�R�U�P�H�G���L�V���R�X�W�O�L�Q�H�G���L�Q���W�K�L�V���V�H�F�W�L�R�Q���D�Q�G���I�R�O�O�R�Z�V���W�K�H���W�H�V�W���S�O�D�Q���X�Q�G�H�U��
�U�H�S�R�U�W���)�$�,�����������������������U�H�Y����������

2.1 �7�(�6�7���6�(�7�8�3��

2.1.1 �.�2�(�1�(�1���7�(�6�7���6�(�7�8�3��

�7�K�H�� �W�H�V�W�� �D�S�S�D�U�D�W�X�V�� �L�V�� �F�R�P�S�R�V�H�G�� �R�I�� �D�� �I�R�X�U�� �V�L�G�H�G�� �Z�H�O�G�H�G�� �E�R�[�� �W�R�� �F�R�Q�W�D�L�Q�� �W�K�H�� �S�R�W�H�Q�W�L�D�O�� �H�[�S�O�R�V�L�R�Q����
�$�W�W�D�F�K�H�G�� �W�R�� �W�K�H�� �Z�H�O�G�H�G�� �H�Q�F�O�R�V�X�U�H�� �D�U�H�� �I�R�X�U�� �S�U�R�S�D�Q�H�� �E�X�U�Q�H�U�V���� �R�Q�H�� �R�Q�� �H�D�F�K�� �R�I�� �W�K�H�� �W�K�U�H�H�� �V�L�G�H�V�� �D�Q�G��
�R�Q�H�� �R�Q�� �W�K�H�� �E�R�W�W�R�P���� �3�U�R�S�D�Q�H�� �O�L�Q�H�V�� �D�U�H�� �U�X�Q�� �W�R�� �H�D�F�K�� �R�I�� �W�K�H�� �E�X�U�Q�H�U�V���� �7�Z�R�� �U�R�G�V�� �U�X�Q�� �K�R�U�L�]�R�Q�W�D�O�O�\��
�E�H�W�Z�H�H�Q�� �W�K�H�� �R�S�S�R�V�L�W�H�� �Z�D�O�O�V���� �7�K�H�� �Q�R�Q���U�H�X�V�D�E�O�H�� �W�H�V�W�� �W�X�E�H�� �D�Q�G�� �R�U�L�I�L�F�H�� �D�V�V�H�P�E�O�\�� �L�V�� �V�X�V�S�H�Q�G�H�G��
�Y�H�U�W�L�F�D�O�O�\�� �I�U�R�P�� �W�K�H�V�H�� �U�R�G�V���� �7�K�H�� �W�X�E�H�� �Z�L�O�O�� �E�H�� �I�L�W�W�H�G�� �Z�L�W�K�� �D�Q�� �R�U�L�I�L�F�H�� �S�O�D�W�H�� �Z�L�W�K�� �D�Q�� �R�S�H�Q�L�Q�J�� �R�I�� ��������
�P�P�����7�K�H���W�H�V�W���D�S�S�D�U�D�W�X�V���L�V���G�H�S�L�F�W�H�G���L�Q���)�L�J�X�U�H��������������

��

�)�L�J�X�U�H�������������.�R�H�Q�H�Q���7�H�V�W���$�S�S�D�U�D�W�X�V��
��

2.1.2 �7�,�0�(���3�5�(�6�6�8�5�(���7�(�6�7���6�(�7�8�3��

�7�K�H�� �7�L�P�H���3�U�H�V�V�X�U�H�� �W�H�V�W�� �D�S�S�D�U�D�W�X�V���� �D�V�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� ���������� �F�R�Q�V�L�V�W�V�� �R�I�� �D�� �S�U�H�V�V�X�U�H�� �Y�H�V�V�H�O���� �I�L�U�L�Q�J��
�S�O�X�J���� �L�J�Q�L�W�H�U���� �Y�H�Q�W���S�O�X�J���� �D�Q�G�� �S�U�H�V�V�X�U�H�� �W�U�D�Q�V�G�X�F�H�U���� �7�K�H�� �I�L�U�L�Q�J�� �S�O�X�J�� �F�R�Q�V�L�V�W�V�� �R�I�� �W�Z�R�� �W�H�U�P�L�Q�D�O�V���� �R�Q�H��
�J�U�R�X�Q�G�H�G�� �W�R�� �W�K�H�� �I�L�U�L�Q�J�� �S�O�X�J�� �D�Q�G�� �R�Q�H�� �L�V�R�O�D�W�H�G�� �I�U�R�P�� �W�K�H�� �I�L�U�L�Q�J�� �S�O�X�J���� �� �$�W�W�D�F�K�H�G�� �W�R�� �W�K�H�� �I�L�U�L�Q�J�� �S�O�X�J��
�W�H�U�P�L�Q�D�O�V���L�V���D�Q���L�J�Q�L�W�H�U���� �,�W���Z�L�O�O���E�H�� �D�W�W�D�F�K�H�G���W�R���W�K�H���W�H�U�P�L�Q�D�O�V���X�V�L�Q�J���V�F�U�H�Z�V���� �� �7�K�H���Y�H�V�V�H�O���L�V���F�K�D�U�J�H�G��
�Z�L�W�K�� ���� �J�� �R�I�� �V�D�P�S�O�H���� �7�K�H�� �V�D�P�S�O�H�� �L�V�� �P�H�D�V�X�U�H�G�� �X�V�L�Q�J�� �D�Q�� �H�O�H�F�W�U�R�Q�L�F�� �P�D�V�V�� �E�D�O�D�Q�F�H���� �7�K�H�� �S�U�H�V�V�X�U�H��
�Y�H�V�V�H�O���D�Q�G���W�K�H���Y�H�Q�W���S�O�X�J���K�D�Y�H���������P�P���R�S�H�Q�L�Q�J�V�����E�H�W�Z�H�H�Q���W�K�H���W�Z�R���S�L�H�F�H�V�����D���E�X�U�V�W�L�Q�J���G�L�V�F�����E�X�U�V�W�L�Q�J��
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�S�U�H�V�V�X�U�H�� �R�I�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������������ �N�3�D���J���� �R�U�� �������� �S�V�L�J���� �L�V�� �S�O�D�F�H�G�� �E�H�I�R�U�H�� �V�H�F�X�U�L�Q�J�� �W�K�H�� �Y�H�Q�W�� �S�O�X�J�� �L�Q��
�S�O�D�F�H��������

��
�)�L�J�X�U�H�������������7�L�P�H���3�U�H�V�V�X�U�H���7�H�V�W���$�S�S�D�U�D�W�X�V��

�$�I�W�H�U���F�O�R�V�L�Q�J���W�K�H���S�U�H�V�V�X�U�H���Y�H�V�V�H�O���Z�L�W�K���W�K�H���I�L�U�L�Q�J���D�Q�G���Y�H�Q�W���S�O�X�J�V�����W�K�H���Y�H�V�V�H�O���L�V���S�O�D�F�H�G���R�Q���D���V�X�S�S�R�U�W��
�V�W�D�Q�G���D�W���D�Q���D�Q�J�O�H���R�I���������G�H�J�U�H�H�V���I�U�R�P���W�K�H���K�R�U�L�]�R�Q�W�D�O�������$�Q���L�J�Q�L�W�L�R�Q���V�\�V�W�H�P���L�V���X�W�L�O�L�]�H�G���W�R���H�Q�J�D�J�H���W�K�H��
�L�J�Q�L�W�H�U���� �� �7�K�H�� �U�H�D�G�L�Q�J���R�I���W�K�H���S�U�H�V�V�X�U�H���W�U�D�Q�V�G�X�F�H�U���L�V���U�H�F�R�U�G�H�G���X�V�L�Q�J�� �D���G�D�W�D���D�F�T�X�L�V�L�W�L�R�Q���V�\�V�W�H�P���D�Q�G��
�F�R�P�S�X�W�H�U��������

2.2 �7�(�6�7�,�1�*���3�5�2�&�(�'�8�5�(��

2.2.1 �.�2�(�1�(�1���7�(�6�7���3�5�2�&�(�'�8�5�(��

�%�H�I�R�U�H�� �W�H�V�W�L�Q�J�� �W�K�H�� �U�H�T�X�H�V�W�H�G�� �V�D�P�S�O�H���� �W�K�H�� �D�S�S�D�U�D�W�X�V�� �L�V�� �F�D�O�L�E�U�D�W�H�G�� �E�\�� �K�H�D�W�L�Q�J�� �D�� �W�X�E�H�� �F�R�Q�W�D�L�Q�L�Q�J��
�G�L�E�X�W�\�O�� �S�K�W�K�D�O�D�W�H�� �D�W�� �D�� �U�D�W�H���R�I�� �������“�������.���V���� �7�K�H�� �.�R�H�Q�H�Q�� �&�D�O�L�E�U�D�W�L�R�Q�� �)�R�U�P�� �L�Q�� �$�S�S�H�Q�G�L�[�� �$�� �Z�L�O�O�� �E�H��
�F�R�P�S�O�H�W�H�G�� �I�R�U�� �H�D�F�K�� �F�D�O�L�E�U�D�W�L�R�Q�� �D�Q�G�� �Y�H�U�L�I�L�F�D�W�L�R�Q�� �W�H�V�W���� �9�H�U�L�I�L�F�D�W�L�R�Q�� �Z�L�O�O�� �E�H�� �G�R�Q�H�� �D�I�W�H�U�� �F�R�P�S�O�H�W�L�Q�J��
�W�K�H���W�K�U�H�H���W�U�L�D�O�V���I�R�U���H�D�F�K���%�O�H�Q�G���,�'���W�R���F�R�Q�I�L�U�P���W�K�H���K�H�D�W�L�Q�J���U�D�W�H���R�I���������“�������.���V����
��
�7�K�H���P�D�V�V���R�I���W�K�H���W�K�U�H�H���Q�H�Z���V�X�S�S�O�L�H�G���P�H�W�D�O���W�X�E�H�V�����W�K�D�W���D�U�H���D�S�S�U�R�[�L�P�D�W�H�O�\���������P�P���L�Q���G�L�D�P�H�W�H�U���D�Q�G��
�������P�P���O�R�Q�J�����L�V���U�H�F�R�U�G�H�G�����(�D�F�K���P�H�W�D�O���W�X�E�H���K�D�V���R�Q�H���F�O�R�V�H�G���H�Q�G���D�Q�G���R�Q�H���R�S�H�Q���H�Q�G�����7�K�H���V�D�P�S�O�H���L�V��
�D�G�G�H�G���W�R���W�K�H���W�X�E�H�������/�L�T�X�L�G�V���D�Q�G���J�H�O�V���D�U�H���D�G�G�H�G���W�R���D���K�H�L�J�K�W���R�I���������P�P�������)�R�U���F�R�P�S�U�H�V�V�L�E�O�H���V�D�P�S�O�H�V����
�W�K�H���H�Q�W�L�U�H���F�U�R�V�V���V�H�F�W�L�R�Q���L�V���W�D�P�S�H�G���X�V�L�Q�J���D�Q���������1���I�R�U�F�H���D�Q�G���V�D�P�S�O�H���L�V���D�G�G�H�G���R�U���G�L�V�F�D�U�G�H�G���D�Q�G���U�H��
�W�D�P�S�H�G�� �X�Q�W�L�O�� ������ �P�P�� �R�I�� �H�P�S�W�\�� �V�S�D�F�H�� �U�H�P�D�L�Q�V�� �D�W�� �W�K�H�� �W�R�S�� �R�I�� �W�K�H�� �W�X�E�H���� �7�K�H�� �P�D�V�V�� �R�I�� �W�K�H�� �W�X�E�H�� �D�Q�G��
�V�D�P�S�O�H�� �L�V�� �U�H�F�R�U�G�H�G���� �7�K�H�� �R�S�H�Q�� �H�Q�G�� �R�I�� �W�K�H�� �W�X�E�H�� �L�V�� �W�K�H�Q�� �I�L�W�W�H�G�� �Z�L�W�K�� �D�Q�� �D�V�V�H�P�E�O�\�� �W�K�D�W�� �K�R�O�G�V�� �W�K�H��
�D�S�S�U�R�S�U�L�D�W�H���R�U�L�I�L�F�H���S�O�D�W�H���L�Q���S�O�D�F�H�����7�K�H���W�X�E�H���D�Q�G���D�V�V�H�P�E�O�\���L�V���W�K�H�Q���V�X�V�S�H�Q�G�H�G���Y�H�U�W�L�F�D�O�O�\���E�\���S�O�D�F�L�Q�J��
�W�K�H���F�R�O�O�D�U���R�Q���W�K�H���W�Z�R���U�R�G�V���L�Q���W�K�H���D�S�S�D�U�D�W�X�V������
��
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�2�Q�F�H�� �W�K�H�� �W�X�E�H�� �L�V�� �L�Q�� �S�O�D�F�H�� �L�Q�� �W�K�H�� �D�S�S�D�U�D�W�X�V���� �W�K�H�� �U�R�R�P�� �L�V�� �H�Y�D�F�X�D�W�H�G���� �7�K�H�� �R�S�H�U�D�W�R�U�� �W�K�H�Q�� �R�S�H�Q�V�� �W�K�H��
�S�U�R�S�D�Q�H���W�D�Q�N���D�Q�G���S�O�D�F�H�V���W�K�H���N�H�\���L�Q���W�K�H���F�R�Q�W�U�R�O���E�R�[���D�Q�G���W�X�U�Q�V���W�K�H���N�H�\���W�R���W�K�H���Š�2�1� �́��S�R�V�L�W�L�R�Q�����7�K�H��
�E�X�U�Q�H�U�V�� �D�U�H�� �R�Q�� �D�Q�G�� �D�� �W�L�P�H�U�� �L�V�� �V�H�W�� �I�R�U�� ���� �P�L�Q�X�W�H�V���� �7�K�H�� �W�X�E�H�� �L�V�� �K�H�D�W�H�G�� �E�\�� �I�R�X�U�� �S�U�R�S�D�Q�H�� �E�X�U�Q�H�U�V��
�O�R�F�D�W�H�G���R�Q���W�K�U�H�H���V�L�G�H�V���D�Q�G���D�W���W�K�H���E�R�W�W�R�P���R�I���W�K�H���D�S�S�D�U�D�W�X�V�����7�K�H���W�H�V�W���L�V���F�R�P�S�O�H�W�H�G���H�L�W�K�H�U���Z�K�H�Q���W�K�H��
�W�X�E�H���U�X�S�W�X�U�H�V���R�U���Z�K�H�Q���W�K�H�������P�L�Q�X�W�H�V���H�O�D�S�V�H�����Z�K�L�F�K�H�Y�H�U���F�R�P�H�V���I�L�U�V�W����
��
�2�Q�F�H�� �W�K�H�� �W�U�L�D�O�� �L�V�� �F�R�P�S�O�H�W�H�G���� �W�K�H�� �H�Q�W�L�U�H�� �V�H�W�X�S�� �L�V�� �D�O�O�R�Z�H�G�� �W�R�� �F�R�R�O�� �I�R�U�� ������ �P�L�Q�X�W�H�V���� �7�K�H�� �W�X�E�H�� �D�Q�G��
�U�H�P�Q�D�Q�W�V�� �D�U�H�� �F�D�U�H�I�X�O�O�\�� �F�R�O�O�H�F�W�H�G���� �2�E�V�H�U�Y�D�W�L�R�Q�V�� �R�I�� �W�K�H�� �W�X�E�H�� �D�U�H�� �U�H�S�R�U�W�H�G���� �D�Q�G�� �W�K�H�� �H�I�I�H�F�W�V�� �D�U�H��
�F�O�D�V�V�L�I�L�H�G���D�Q�G���U�H�F�R�U�G�H�G���D�V���Š�2� �́��W�K�U�R�X�J�K���Š�+� �́��D�V���I�R�O�O�R�Z�V����

�ƒ�� �Š�2� �́����7�X�E�H���X�Q�F�K�D�Q�J�H�G��
�ƒ�� �Š�$� �́����%�R�W�W�R�P���R�I���W�X�E�H���E�X�O�J�H�G���R�X�W��
�ƒ�� �Š�%� �́����%�R�W�W�R�P���R�I���Z�D�O�O���D�Q�G���R�I���W�K�H���W�X�E�H���E�X�O�J�H�G���R�X�W��
�ƒ�� �Š�&� �́����%�R�W�W�R�P���R�I���W�X�E�H���V�S�O�L�W��
�ƒ�� �Š�'�´ �����:�D�O�O���R�I���W�X�E�H���V�S�O�L�W������
�ƒ�� �Š�(� �́����7�X�E�H���V�S�O�L�W���L�Q�W�R���W�Z�R���I�U�D�J�P�H�Q�W�V��
�ƒ�� �Š�)� �́��� �7�X�E�H�� �I�U�D�J�P�H�Q�W�L�Q�J�� �L�Q�W�R�� �W�K�U�H�H���R�U�� �P�R�U�H�� �P�D�L�Q�O�\�� �O�D�U�J�H�� �S�L�H�F�H�V�� �Z�K�L�F�K�� �L�Q��

�V�R�P�H���F�D�V�H�V���P�D�\���E�H���F�R�Q�Q�H�F�W�H�G���Z�L�W�K���H�D�F�K���R�W�K�H�U���E�\���D���Q�D�U�U�R�Z���V�W�U�L�S��
�ƒ�� �Š�*� �́��� �7�X�E�H�� �I�U�D�J�P�H�Q�W�H�G�� �L�Q�W�R�� �P�D�Q�\�� �P�D�L�Q�O�\�� �V�P�D�O�O�� �S�L�H�F�H�V���� �F�O�R�V�L�Q�J�� �G�H�Y�L�F�H��

�X�Q�G�D�P�D�J�H�G����
�ƒ�� �Š�+� �́����7�X�E�H���I�U�D�J�P�H�Q�W�H�G���L�Q�W�R���P�D�Q�\���Y�H�U�\���V�P�D�O�O���S�L�H�F�H�V�����F�O�R�V�L�Q�J���G�H�Y�L�F�H���E�X�O�J�H�G��

�R�X�W���R�U���I�U�D�J�P�H�Q�W�H�G����

�$�Q�\�� �W�U�L�D�O�� �W�K�D�W�� �U�H�V�X�O�W�V�� �L�Q�� �Š�2� �́� �W�R�� �Š�(� �́� �L�V�� �U�H�J�D�U�G�H�G�� �D�V�� �Š�1�R�� �(�[�S�O�R�V�L�R�Q���´�� �D�Q�G�� �Š�1�H�J�D�W�L�Y�H� �́� �Z�K�L�O�H�� �W�K�H��
�U�H�P�D�L�Q�L�Q�J���H�I�I�H�F�W�V���D�U�H���U�H�J�D�U�G�H�G���D�V���Š�(�[�S�O�R�V�L�R�Q�´���D�Q�G���Š�3�R�V�L�W�L�Y�H���´��

�7�K�H�� �D�S�S�D�U�D�W�X�V�� �L�V�� �W�K�R�U�R�X�J�K�O�\�� �F�O�H�D�Q�H�G�� �Z�L�W�K�� �.�L�P�Z�L�S�H�V�Š���� �D�F�H�W�R�Q�H���� �D�Q�G�� �D�� �Z�L�U�H�� �E�U�L�V�W�O�H�� �E�U�X�V�K�� �W�R��
�U�H�P�R�Y�H���D�Q�\���V�D�P�S�O�H���W�K�D�W���P�D�\���K�D�Y�H���E�H�H�Q���G�L�V�S�O�D�F�H�G���G�X�U�L�Q�J���W�K�H���W�H�V�W���D�Q�G���W�R���S�U�H�S�D�U�H���W�K�H���D�S�S�D�U�D�W�X�V���I�R�U��
�W�K�H���Q�H�[�W���W�H�V�W����

2.2.2 �7�,�0�(���3�5�(�6�6�8�5�(���7�(�6�7���3�5�2�&�(�'�8�5�(��

�,�Q�L�W�L�D�O�O�\���� �W�K�H�� �D�S�S�D�U�D�W�X�V�� �L�V�� �F�O�H�D�Q�H�G�� �R�I�� �D�Q�\�� �G�H�E�U�L�V�� �I�U�R�P�� �S�U�H�Y�L�R�X�V�� �W�H�V�W�V�� �D�Q�G�� �D�Q�� �L�J�Q�L�W�H�U���L�V�� �V�H�F�X�U�H�G�� �W�R��
�W�K�H�� �I�L�U�L�Q�J�� �S�O�X�J�� �W�H�U�P�L�Q�D�O�V���� �� �7�K�H�� �I�L�U�L�Q�J�� �S�O�X�J�� �L�V�� �V�F�U�H�Z�H�G�� �L�Q�� �W�R�� �W�K�H�� �S�U�H�V�V�X�U�H�� �Y�H�V�V�H�O���� �� �7�K�H�� �S�U�H�V�V�X�U�H��
�Y�H�V�V�H�O�� �L�V�� �V�H�F�X�U�H�G�� �Y�H�U�W�L�F�D�O�O�\�� �X�V�L�Q�J�� �D�� �V�W�D�Q�G���� �� �8�V�L�Q�J�� �D�� �P�D�V�V�� �E�D�O�D�Q�F�H�� �D�Q�G�� �J�O�D�V�V�Z�D�U�H���� ���� �J�U�D�P�V�� �R�I��
�V�D�P�S�O�H�� �L�V�� �P�H�D�V�X�U�H�G���� �� �:�K�L�O�H�� �D�G�G�L�Q�J�� �W�K�H�� �V�D�P�S�O�H���� �F�D�U�H�� �Z�D�V�� �W�D�N�H�Q�� �W�R�� �Q�R�W�� �G�L�V�W�X�U�E�� �W�K�H�� �L�J�Q�L�W�H�U���� �� �7�K�H��
�V�D�P�S�O�H���L�V���F�R�P�S�U�H�V�V�H�G���J�H�Q�W�O�\���Z�L�W�K�L�Q���W�K�H���S�U�H�V�V�X�U�H���Y�H�V�V�H�O���L�I���Q�H�H�G�H�G����
��
�$�I�W�H�U���D�G�G�L�Q�J���W�K�H���V�D�P�S�O�H�����D���U�X�S�W�X�U�H���G�L�V�F���L�V���D�G�G�H�G���W�R���W�K�H���W�R�S���R�I���W�K�H���S�U�H�V�V�X�U�H���Y�H�V�V�H�O�����I�R�O�O�R�Z�H�G���E�\���W�K�H��
�Y�H�Q�W���S�O�X�J�������7�K�H���S�U�H�V�V�X�U�H���Y�H�V�V�H�O���L�V���S�O�D�F�H�G���L�Q���W�K�H���V�W�D�Q�G�����Z�K�L�F�K���K�R�O�G�V���W�K�H���Y�H�V�V�H�O���D�W���D���������G�H�J�U�H�H���D�Q�J�O�H������
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�7�K�H�� �L�J�Q�L�W�H�U�� �V�\�V�W�H�P�� �L�V�� �F�R�Q�Q�H�F�W�H�G�� �W�R�� �W�K�H�� �H�[�W�H�U�Q�D�O�� �W�H�U�P�L�Q�D�O�V�� �R�Q�� �W�K�H�� �I�L�U�L�Q�J�� �S�O�X�J���� �D�Q�G�� �W�K�H�� �S�U�H�V�V�X�U�H��
�W�U�D�Q�V�G�X�F�H�U���L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���G�D�W�D���D�F�T�X�L�V�L�W�L�R�Q���V�\�V�W�H�P�������7�K�H���G�D�W�D���D�F�T�X�L�V�L�W�L�R�Q���V�\�V�W�H�P���L�V���V�W�D�U�W�H�G�������$�W��
�W�K�L�V���S�R�L�Q�W�����W�K�H���H�Q�H�U�J�\���L�V���D�S�S�O�L�H�G���W�R���W�K�H���L�J�Q�L�W�H�U���X�V�L�Q�J���W�K�H���L�J�Q�L�W�L�R�Q���V�\�V�W�H�P�����,�I���W�K�H���U�X�S�W�X�U�H���G�L�V�F���G�R�H�V��
�Q�R�W�� �E�X�U�V�W���� �F�D�U�H�� �L�V�� �W�D�N�H�Q�� �G�X�U�L�Q�J�� �G�L�V�D�V�V�H�P�E�O�\�� �R�I�� �W�K�H�� �D�S�S�D�U�D�W�X�V�� �W�R�� �H�Q�V�X�U�H�� �V�D�I�H�� �Y�H�Q�W�L�Q�J�� �R�I�� �D�Q�\��
�S�U�H�V�V�X�U�H���E�X�L�O�G���X�S�����$�I�W�H�U���W�K�H���W�H�V�W���L�V���F�R�P�S�O�H�W�H�G�����W�K�H���D�S�S�D�U�D�W�X�V�� �L�V���G�L�V�D�V�V�H�P�E�O�H�G�����F�O�H�D�Q�H�G���D�Q�G���G�U�L�H�G������
�7�K�H���G�D�W�D���L�V���D�Q�D�O�\�]�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���W�L�P�H���I�R�U���W�K�H���S�U�H�V�V�X�U�H���W�R���U�L�V�H���I�U�R�P�����������N�3�D���J�D�X�J�H���W�R������������
�N�3�D�� �J�D�X�J�H�� ���������� �S�V�L�J�� �W�R�� �������� �S�V�L�J������ �� �$�� �W�R�W�D�O�� �R�I�� ���� �W�U�L�D�O�V�� �D�U�H�� �S�H�U�I�R�U�P�H�G���� �D�Q�G�� �W�K�H�� �P�H�D�Q�� �U�L�V�H�� �W�L�P�H�� �L�V��
�G�H�W�H�U�P�L�Q�H�G���� �� �7�K�H�� �V�D�P�S�O�H�� �L�V�� �F�R�Q�V�L�G�H�U�H�G�� �Š�3�R�V�L�W�L�Y�H�´�� �L�I�� �W�K�H�� �P�D�[�L�P�X�P�� �S�U�H�V�V�X�U�H�� �U�H�D�F�K�H�G�� �L�V�� �J�U�H�D�W�H�U��
�W�K�D�Q���R�U���H�T�X�D�O���W�R�������������N�3�D���J�D�X�J�H�����7�K�H���U�H�V�X�O�W���L�V���F�R�Q�V�L�G�H�U�H�G���Š�1�H�J�D�W�L�Y�H� �́��L�I���W�K�H���P�D�[�L�P�X�P���S�U�H�V�V�X�U�H��
�U�H�D�F�K�H�G���L�Q���D�Q�\���R�Q�H���W�H�V�W���L�V���O�H�V�V���W�K�D�Q�������������N�3�D���J�D�X�J�H����

2.2.3 �7�,�0�(���3�5�(�6�6�8�5�(���7�(�6�7���,�*�1�,�7�(�5���9�$�/�,�'�$�7�,�2�1���7�(�6�7�,�1�*��

�6�L�Q�F�H�� �S�U�L�P�H�G�� �F�D�P�E�U�L�F�� �L�V�� �G�L�I�I�L�F�X�O�W�� �W�R�� �R�E�W�D�L�Q���� �D�Q�� �D�O�W�H�U�Q�D�W�L�Y�H�� �L�J�Q�L�W�L�R�Q�� �V�R�X�U�F�H�� �Z�D�V�� �U�H�T�X�L�U�H�G�� �W�R�� �E�H��
�Y�D�O�L�G�D�W�H�G���I�R�U���X�V�H�� �L�Q�� �W�K�H�V�H�� �H�[�S�H�U�L�P�H�Q�W�V���� �� �,�Q�L�W�L�D�O�� �W�H�V�W�L�Q�J�� �Z�D�V�� �S�H�U�I�R�U�P�H�G�� �X�V�L�Q�J�� �S�\�U�R�J�H�Q�� �L�J�Q�L�W�H�U�V���� �L�W��
�Z�D�V�� �I�R�X�Q�G�� �W�K�D�W�� �W�K�H�V�H�� �L�J�Q�L�W�H�U�V�� �Z�H�U�H�� �Q�R�W�� �V�X�L�W�D�E�O�H�� �D�V�� �W�K�H�\�� �Z�H�U�H�� �F�D�X�V�L�Q�J�� �W�K�H�� �U�X�S�W�X�U�H�� �G�L�V�F�� �W�R�� �I�D�L�O��
�S�U�H�P�D�W�X�U�H�O�\���� �� �$�Q�� �D�O�W�H�U�Q�D�W�H�� �L�J�Q�L�W�L�R�Q�� �V�R�X�U�F�H�� �Z�D�V�� �X�V�H�G�� �W�K�D�W�� �F�R�Q�V�L�V�W�H�G�� �R�I�� �D�� �P�L�[�W�X�U�H�� �R�I�� ������������ �O�H�D�G��
�R�[�L�G�H���V�L�O�L�F�R�Q�� �E�\�� �Z�H�L�J�K�W���� �� �7�K�L�V�� �L�J�Q�L�W�L�R�Q�� �V�R�X�U�F�H�� �Z�D�V�� �X�V�H�G�� �H�[�W�H�Q�V�L�Y�H�O�\�� �L�Q�� �7�3�7�� �V�W�X�G�L�H�V�� ���<�R�V�L�G�D����
�:�D�G�D�����	���)�R�V�W�H�U������������������

�9�D�O�L�G�D�W�L�R�Q���W�H�V�W�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���E�R�W�K���R�Q���*�X�D�Q�L�G�L�Q�H���1�L�W�U�D�W�H���D�Q�G���$�P�P�R�Q�L�X�P���1�L�W�U�D�W�H�������7�K�H���U�H�V�X�O�W�V��
�I�U�R�P�������V�H�S�D�U�D�W�H���W�H�V�W�V���D�U�H���V�X�P�P�D�U�L�]�H�G���L�Q���7�D�E�O�H������������

�7�D�E�O�H�������������7�3�7���9�D�O�L�G�D�W�L�R�Q���7�H�V�W���5�H�V�X�O�W�V��

�0�L�[�W�X�U�H��
�0�D�[�L�P�X�P��

�3�U�H�V�V�X�U�H�����N�3�D������
�7�L�P�H���I�U�R�P�����������N�3�D���W�R��

�����������N�3�D�����P�V���� �5�H�V�X�O�W��

�*�X�D�Q�L�G�L�Q�H��
�1�L�W�U�D�W�H��
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�$�P�P�R�Q�L�X�P��
�1�L�W�U�D�W�H��

�������� �1�$�� �Š�² � �́�

���������� �������� �³��� �́�

���������� �1�$�� �Š�² � �́�
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�7�K�H�� �U�H�V�X�O�W�V�� �I�U�R�P�� �W�K�H�� �*�X�D�Q�L�G�L�Q�H�� �1�L�W�U�D�W�H�� �W�H�V�W�V�� �D�U�H�� �F�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K�� �W�K�H�� �U�H�S�R�U�W�H�G�� �U�H�V�X�O�W�V�� �L�Q�� �W�K�H��
Recommendations on the Transport of Dangerous Goods Manual of Tests and Criteria���7�H�V�W���������F����
���L�������7�L�P�H���S�U�H�V�V�X�U�H���W�H�V�W�����7�3�7���������7�K�H���D�P�P�R�Q�L�X�P���Q�L�W�U�D�W�H���W�H�V�W�V���Z�H�U�H���X�V�H�G���D�V���D���V�H�F�R�Q�G�D�U�\�� �F�K�H�F�N���E�X�W��
�F�D�Q�Q�R�W���E�H���X�V�H�G���D�V���D���G�L�U�H�F�W���F�R�P�S�D�U�L�V�R�Q���R�I���W�K�H���U�H�V�X�O�W�V���U�H�S�R�U�W�H�G���L�Q���W�K�H���8�1���7�H�V�W���0�D�Q�X�D�O���E�H�F�D�X�V�H���W�K�H��
�P�D�W�H�U�L�D�O�¶�V�� �V�L�]�H�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �D�U�H�� �G�L�I�I�H�U�H�Q�W���� �� �7�K�H�� �P�D�Q�X�D�O�� �U�H�S�R�U�W�V�� �U�H�V�X�O�W�V�� �I�R�U�� �V�P�D�O�O�� �R�U�� �O�D�U�J�H�� �S�U�L�O�O�V��
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�D�Q�G�� �W�K�H�� �D�P�P�R�Q�L�X�P�� �Q�L�W�U�D�W�H�� �X�V�H�G�� �L�Q�� �W�K�H�V�H�� �W�H�V�W�V�� �Z�D�V�� �D�� �I�L�Q�H�� �S�R�Z�G�H�U���� �� �7�K�H�� �S�R�Z�G�H�U�� �Z�L�O�O�� �E�X�U�Q�� �P�R�U�H��
�H�D�V�L�O�\���D�Q�G���U�D�S�L�G�O�\���W�K�D�Q���L�Q���S�U�L�O�O���I�R�U�P���Z�K�L�F�K���Z�D�V���H�Y�L�G�H�Q�F�H�G���E�\���W�K�H���R�Q�H���Š�S�R�V�L�W�L�Y�H� �́��U�H�V�X�O�W��������

2.3 �6�$�0�3�/�(���3�5�(�3�$�5�$�7�,�2�1��
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��
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�� ����
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�9�R�O�X�P�H���5�D�W�L�R���6�Z�K�H�D�W���:�%�����6�D�O�W�� �������� ������������

��

��

��
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�7�D�E�O�H�������������8�1�6���6�X�U�U�R�J�D�W�H���6�R�O�X�W�L�R�Q���6�D�O�W���0�L�[�W�X�U�H�V��
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�&�K�U�R�P�L�X�P���1�L�W�U�D�W�H��
�1�R�Q�D�K�\�G�U�D�W�H�� ������������ �������������� ������������ ������������ �������������� ������������ ������������

�,�U�R�Q�����,�,�,�����1�L�W�U�D�W�H���1�R�Q�D�K�\�G�U�D�W�H�� ������������ �������������� ������������ ������������ �������������� ������������ ������������

�:�D�W�H�U�� ������������ �������������� ������������ ������������ ������������ ������������ ������������

�0�D�J�Q�H�V�L�X�P���1�L�W�U�D�W�H��
�7�H�W�U�D�K�\�G�U�D�W�H�� ������������ ���������������� �������������� ������������ ���������������� �������������� ������������

���������1�L�W�U�L�F���$�F�L�G�� ���������� ������������ ������������ ������������ �������������� ������������ ������������

�6�R�G�L�X�P���1�L�W�U�D�W�H�� ������������ �������������� ������������ ������������ �������������� ������������ ������������

�1�L�F�N�H�O�����,�,�����1�L�W�U�D�W�H��
�+�H�[�D�K�G�\�U�D�W�H�� ������������ �������������� ������������ ������������ �������������� ������������ ������������

�/�H�D�G�����,�,�����1�L�W�U�D�W�H�� ������������ �������������� ������������ ������������ �������������� ������������ ������������

�2�[�D�O�L�F���$�F�L�G���'�L�K�\�G�U�D�W�H�� �������������� �������������� �������������� ������������ �������������� �������������� ������������

�$�G�G�L�W�L�R�Q�D�O���:�D�W�H�U�� �� ���������������� �� �� ���������������� �� ��

�7�R�W�D�O�����J�U�D�P�V����

��

������������������ �� �� ������������������

�� ����

�7�D�E�O�H�������������8�1�6���6�X�U�U�R�J�D�W�H���6�R�O�X�W�L�R�Q���6�D�O�W���0�L�[�W�X�U�H�V���Z�L�W�K���6�Z�K�H�D�W��

�� �8�1�6���%�O�H�Q�G��������
��������������������������
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�7�D�E�O�H�������������8�1�6���6�X�U�U�R�J�D�W�H���6�R�O�X�W�L�R�Q���6�D�O�W���0�L�[�W�X�U�H�V���W�R���E�H���S�+���$�G�M�X�V�W�H�G��
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2.4 �.�2�(�1�(�1���7�8�%�(���9�(�5�,�)�,�&�$�7�,�2�1��

�7�K�H�� �.�R�H�Q�H�Q�� �W�X�E�H�V�� �Z�H�U�H�� �W�H�V�W�H�G�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �L�I�� �W�K�H�\�� �P�H�H�W�� �W�K�H�� �V�S�H�F�L�I�L�F�D�W�L�R�Q�V�� �Z�L�W�K�L�Q�� �W�K�H�� �V�W�D�Q�G�D�U�G������
�7�K�H���W�X�E�H�V���S�D�V�V�H�G���H�[�F�H�S�W���I�R�U���W�K�H���E�X�U�V�W���S�U�H�V�V�X�U�H���W�H�V�W���D�V���L�W���U�X�S�W�X�U�H�G���M�X�V�W���E�H�O�R�Z���W�K�H���O�R�Z�H�U���W�R�O�H�U�D�Q�F�H������
�7�K�L�V���G�R�H�V���Q�R�W���K�D�Y�H���D���P�D�M�R�U���L�P�S�D�F�W���R�Q���W�K�H���R�X�W�F�R�P�H���R�I���W�K�L�V���W�H�V�W���D�V���W�K�H���E�X�U�V�W���S�U�H�V�V�X�U�H���L�V���U�H�O�D�W�L�Y�H�O�\��
�F�O�R�V�H���W�R���W�K�H���V�S�H�F�L�I�L�F�D�W�L�R�Q�V�������7�K�H���.�R�H�Q�H�Q���W�X�E�H���V�S�H�F�L�I�L�F�D�W�L�R�Q�V���D�Q�G���U�H�V�X�O�W�V���D�U�H���V�X�P�P�D�U�L�]�H�G���L�Q���7�D�E�O�H��
�������������7�K�H���W�X�E�H���F�R�P�S�R�V�L�W�L�R�Q���D�Q�D�O�\�V�L�V���L�V���S�U�R�Y�L�G�H�G���L�Q���(�������L�Q���$�S�S�H�Q�G�L�[���(��������

 �7�D�E�O�H�������������.�R�H�Q�H�Q���7�X�E�H���&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���7�H�V�W���5�H�V�X�O�W�V��

�&�K�D�U�D�F�W�H�U�L�V�W�L�F���$�O�O�R�Z�D�E�O�H��
�5�H�V�X�O�W��

�&�K�D�U�D�F�W�H�U�L�V�W�L�F��
�$�O�O�R�Z�D�E�O�H���5�H�V�X�O�W�� �5�H�V�X�O�W��

�0�D�V�V���R�I���7�X�E�H�� �����������“�����������J�� �3�D�V�V�����V�H�H���.�R�H�Q�H�Q���7�H�V�W��
�I�R�U�P�V���L�Q���$�S�S�H�Q�G�L�[���'��

�/�H�Q�J�W�K�� �������“�����������P�P�� ���������������P�P�����S�D�V�V��
�:�D�O�O���W�K�L�F�N�Q�H�V�V�����������P�P��

�I�U�R�P���E�R�W�W�R�P�� ���������“�������������P�P�� �����������P�P�����S�D�V�V��

�%�X�U�V�W���3�U�H�V�V�X�U�H�� �������“�������0�3�D�� �������W�R���������0�3�D�����I�D�L�O��
�&�D�U�E�R�Q�� ���������������P�D�[�L�P�X�P���� �����������������3�D�V�V��

�0�D�Q�J�D�Q�H�V�H�� ���������������P�D�[�L�P�X�P���� ���������������3�D�V�V��
�3�K�R�V�S�K�R�U�X�V�� �����������������P�D�[�L�P�X�P���� �����������������3�D�V�V��

�6�X�O�I�X�U�� �����������������P�D�[�L�P�X�P���� �������������������3�D�V�V��
�$�O�X�P�L�Q�X�P�� ���������������P�L�Q�L�P�X�P���� ���������������3�D�V�V��

�&�R�S�S�H�U�� ���������������P�D�[�L�P�X�P���� �������������������3�D�V�V��
�1�L�F�N�H�O�� ���������������P�D�[�L�P�X�P���� �������������������3�D�V�V��

�&�K�U�R�P�L�X�P�� ���������������P�D�[�L�P�X�P���� �����������������3�D�V�V��
�0�R�O�\�E�G�H�Q�X�P�� ���������������P�D�[�L�P�X�P���� �������������������3�D�V�V��

�9�D�Q�D�G�L�X�P�� �����������������P�D�[�L�P�X�P���� �������������������3�D�V�V��
�1�L�R�E�L�X�P�� �����������������P�D�[�L�P�X�P���� ���������������������3�D�V�V��
�7�L�W�D�Q�L�X�P�� �����������������P�D�[�L�P�X�P���� ���������������������3�D�V�V��

��

2.5 �'�(�9�,�$�7�,�2�1�6���)�5�2�0���7�(�6�7���3�/�$�1��

�7�K�H�� �W�H�V�W�� �S�O�D�Q���� �)�$�,�� �U�H�S�R�U�W�� �)�$�,������������������������ �5�H�Y���� ������ �R�X�W�O�L�Q�H�V�� �W�K�H�� �V�F�R�S�H�� �D�Q�G�� �S�U�R�F�H�G�X�U�H�V�� �R�I�� �W�K�L�V��
�S�U�R�M�H�F�W�������7�K�H�U�H���D�U�H���D���I�H�Z���G�H�Y�L�D�W�L�R�Q�V���I�U�R�P���W�K�H���W�H�V�W���S�O�D�Q���W�R���E�H���Q�R�W�H�G������

������ �&�D�O�L�E�U�D�W�L�R�Q���Y�H�U�L�I�L�F�D�W�L�R�Q���R�I���W�K�H���S�U�H�V�V�X�U�H���W�U�D�Q�V�G�X�F�H�U���D�Q�G���W�K�H�U�P�R�F�R�X�S�O�H��

������ �.�R�H�Q�H�Q���W�X�E�H�V���Z�H�U�H���X�V�H�G���G�H�V�S�L�W�H���E�X�U�V�W�L�Q�J���E�H�O�R�Z���S�U�H�V�V�X�U�H���L�Q�G�L�F�D�W�H�G���L�Q���W�K�H���W�H�V�W���S�O�D�Q����
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�7�K�H�� �F�D�O�L�E�U�D�W�L�R�Q���Y�H�U�L�I�L�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �S�U�H�V�V�X�U�H�� �W�U�D�Q�V�G�X�F�H�U�V�� �Z�H�U�H�� �V�W�D�W�H�G�� �W�R�� �E�H�� �S�H�U�I�R�U�P�H�G�� �E�H�I�R�U�H�� �D�Q�G��
�D�I�W�H�U���H�D�F�K���W�H�V�W���V�H�U�L�H�V�������7�K�L�V���F�D�O�L�E�U�D�W�L�R�Q���Y�H�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�G�X�U�H���R�F�F�X�U�U�H�G���O�H�V�V���I�U�H�T�X�H�Q�W�O�\���W�K�U�R�X�J�K�R�X�W��
�W�K�H�� �W�H�V�W�L�Q�J�� �F�D�P�S�D�L�J�Q���� �� �7�K�H�� �S�U�H�V�V�X�U�H�� �W�U�D�Q�V�G�X�F�H�U�� �D�Q�G�� �W�K�H�U�P�R�F�R�X�S�O�H�� �Z�H�U�H�� �I�R�X�Q�G�� �W�R�� �E�H�� �Z�L�W�K�L�Q��
�W�R�O�H�U�D�Q�F�H�� �Z�K�H�Q�� �W�K�H�\�� �Z�H�U�H�� �F�K�H�F�N�H�G�� �E�H�W�Z�H�H�Q�� �W�K�H�� �V�H�U�L�H�V�� �V�R�� �Q�R�� �I�X�U�W�K�H�U�� �F�D�O�L�E�U�D�W�L�R�Q�� �D�F�W�L�R�Q�V�� �Z�H�U�H��
�U�H�T�X�L�U�H�G��������

�7�K�H�� �.�R�H�Q�H�Q�� �W�X�E�H�V�� �Z�H�U�H�� �V�W�L�O�O�� �X�V�H�G�� �G�H�V�S�L�W�H�� �W�K�H�L�U�� �E�X�U�V�W�� �S�U�H�V�V�X�U�H�� �E�H�L�Q�J�� �M�X�V�W�� �E�H�O�R�Z�� �W�K�H�� �O�R�Z�H�U��
�W�R�O�H�U�D�Q�F�H���V�S�H�F�L�I�L�H�G���L�Q���W�K�H���V�W�D�Q�G�D�U�G�������7�K�L�V���L�V���E�H�F�D�X�V�H���W�K�H���E�X�U�V�W���S�U�H�V�V�X�U�H���L�V���V�W�L�O�O���U�H�O�D�W�L�Y�H�O�\���F�O�R�V�H���W�R��
�W�K�H���V�S�H�F�L�I�L�F�D�W�L�R�Q�V���D�Q�G���Z�R�X�O�G���Q�R�W���K�D�Y�H���D���P�D�M�R�U���L�P�S�D�F�W���R�Q���W�K�H���R�X�W�F�R�P�H���R�I���W�K�H�V�H���W�H�V�W�V��������

�� ��



FAI-2016-0793  Page 24 of 101 
Rev. 0  August, 2016 

Proprietary Property of Fauske & Associates, LLC* 

3.0 �(�;�3�(�5�,�0�(�1�7�$�/���7�(�6�7���5�(�6�8�/�7�6��

3.1 �.�2�(�1�(�1���7�(�6�7���5�(�6�8�/�7�6��

�7�K�H�� �.�R�H�Q�H�Q�� �U�H�V�X�O�W�V�� �I�R�U�� �W�K�H�� �5�1�6�� �D�Q�G�� �8�1�6�� �P�L�[�W�X�U�H�V�� �D�U�H�� �V�K�R�Z�Q�� �L�Q�� �7�D�E�O�H�� ���������� �� �3�R�V�W���W�H�V�W��
�R�E�V�H�U�Y�D�W�L�R�Q�V�� �I�R�U�� �H�D�F�K�� �R�I�� �W�K�H�� �W�U�L�D�O�V�� �D�U�H�� �S�U�R�Y�L�G�H�G�� �L�Q�� �$�S�S�H�Q�G�L�[�� �%��� � � � �7�K�H�� �G�H�W�D�L�O�V�� �R�I�� �H�D�F�K�� �R�I�� �W�K�H��
�L�Q�G�L�Y�L�G�X�D�O���W�U�L�D�O�V���D�U�H���S�U�R�Y�L�G�H�G���L�Q���$�S�S�H�Q�G�L�[���&����

�7�D�E�O�H�������������.�R�H�Q�H�Q���7�H�V�W���5�H�V�X�O�W�V���6�X�P�P�D�U�\��

�0�L�[�W�X�U�H�� �.�R�H�Q�H�Q���7�H�V�W���(�I�I�H�F�W���5�H�V�X�O�W���� �&�R�P�P�H�Q�W�V��

�5�1�6���%�O�H�Q�G������ �Š�'�´ �������1�H�J�D�W�L�Y�H�� ��

�8�1�6���%�O�H�Q�G������ �Š�%�´���±���1�H�J�D�W�L�Y�H��
�,�Q�L�W�L�D�O�� �U�H�V�X�O�W�� �Z�D�V�� �Š�)� �́² �3�R�V�L�W�L�Y�H����
�E�X�W���W�K�H���K�H�D�W�L�Q�J���U�D�W�H���Z�D�V���G�H�H�P�H�G���W�R��
�E�H���W�R�R���I�D�V�W���E�\�������������.���V����

�8�1�6���%�O�H�Q�G������ �Š�$� �́������1�H�J�D�W�L�Y�H�� ��

�5�1�6���%�O�H�Q�G������ �Š�' �´�������1�H�J�D�W�L�Y�H��
�,�Q�L�W�L�D�O�� �U�H�V�X�O�W�� �Z�D�V�� �Š�)� �́² �3�R�V�L�W�L�Y�H����
�E�X�W���W�K�H���K�H�D�W�L�Q�J���U�D�W�H���Z�D�V���G�H�H�P�H�G���W�R��
�E�H���W�R�R���I�D�V�W���E�\�������������.���V����

�8�1�6���%�O�H�Q�G������ �Š�)� �́������3�R�V�L�W�L�Y�H�� ��

�8�1�6���%�O�H�Q�G������ �Š�2� �́������1�H�J�D�W�L�Y�H�� ��

��
�)�R�U���D���I�H�Z���R�I���W�K�H���V�D�P�S�O�H�V�����W�K�H���.�R�H�Q�H�Q���W�H�V�W���U�H�V�X�O�W�V���Y�D�U�L�H�G���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�U�L�D�O���W�R���W�U�L�D�O�������5�H�S�H�D�W��
�W�H�V�W�L�Q�J���Z�D�V���S�H�U�I�R�U�P�H�G���R�Q���8�1�6���%�O�H�Q�G�������D�Q�G���5�1�6���%�O�H�Q�G�������D�I�W�H�U���U�H�Y�L�H�Z���R�I���W�K�H���F�D�O�L�E�U�D�W�L�R�Q���K�H�D�W�L�Q�J��
�U�D�W�H�������7�K�H���K�H�D�W�L�Q�J���U�D�W�H���Z�D�V���D���O�L�W�W�O�H���I�D�V�W�H�U���W�K�D�Q���V�S�H�F�L�I�L�H�G���L�Q���W�K�H���W�H�V�W���P�H�W�K�R�G�������8�S�R�Q���F�R�P�S�O�H�W�L�R�Q���R�I��
�W�K�H���U�H�S�H�D�W���W�H�V�W�V�����8�1�6���%�O�H�Q�G�������F�K�D�Q�J�H�G���I�U�R�P���D�Q���Š�)� �́² �3�R�V�L�W�L�Y�H���W�R���D���Š�%� �́² �1�H�J�D�W�L�Y�H�������5�1�6���%�O�H�Q�G������
�F�K�D�Q�J�H�G���I�U�R�P���D�Q���Š�)� �́² �3�R�V�L�W�L�Y�H���W�R���Š�'�´�²�1�H�J�D�W�L�Y�H�������7�K�H���Y�D�U�L�D�E�L�O�L�W�\���L�Q���V�R�P�H���R�I���W�K�H�V�H���W�H�V�W���U�H�V�X�O�W���L�V��
�E�H�O�L�H�Y�H�G���W�R���E�H���D���U�H�V�X�O�W���R�I���W�K�H���O�L�N�H�O�L�K�R�R�G���R�I���R�U�L�I�L�F�H���E�O�R�F�N�D�J�H���G�X�U�L�Q�J���W�K�H���W�H�V�W�������$���F�R�P�S�O�H�W�H���O�L�V�W���R�I���W�K�H��
�U�H�V�X�O�W�V���I�U�R�P���H�D�F�K���L�Q�G�L�Y�L�G�X�D�O���W�H�V�W���U�X�Q���L�V���O�L�V�W�H�G���E�H�O�R�Z���L�Q���7�D�E�O�H���������������7�K�H���W�H�V�W���S�H�U�I�R�U�P�D�Q�F�H���G�D�W�H���D�Q�G��
�G�X�U�D�W�L�R�Q���R�I���H�D�F�K���W�H�V�W���U�X�Q���L�V���V�X�P�P�D�U�L�]�H�G���L�Q���7�D�E�O�H��������������

 ��
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�7�D�E�O�H�������������.�R�H�Q�H�Q���+�H�D�W�L�Q�J���5�D�W�H���7�H�V�W���5�H�V�X�O�W�V��

�0�L�[�W�X�U�H��
�3�U�H���W�H�V�W���+�H�D�W�L�Q�J���5�D�W�H��

���.���V����
�3�R�V�W���7�H�V�W���+�H�D�W�L�Q�J��

�5�D�W�H�����.���V����
�7�U�L�D�O��

������
�7�U�L�D�O��

����
�7�U�L�D�O��

����

�5�1�6���%�O�H�Q�G������ ���������� ���������� �&�� �&�� �' ��

�8�1�6���%�O�H�Q�G�����‚��

���,�Q�L�W�L�D�O���6�H�U�L�H�V�������� ���������� ���������� �)�� �$�� �$��

�8�1�6���%�O�H�Q�G������ ���������� ���������� �$�� �$�� �$��

�5�1�6���%�O�H�Q�G�����‚��

���,�Q�L�W�L�D�O���6�H�U�L�H�V�������� ���������� ���������� �&�� �' �� �)��

�8�1�6���%�O�H�Q�G������ ���������� ���������� �)�� �)�� �)��

�8�1�6���%�O�H�Q�G������ ���������� ���������� �2�� �2�� �2��

�5�1�6���%�O�H�Q�G������
���5�H�S�H�D�W���6�H�U�L�H�V�������� ���������� ���������� �' �� �%�� �%��

�8�1�6���%�O�H�Q�G������
���5�H�S�H�D�W���6�H�U�L�H�V�������� ���������� ���������� �$�� �%�� �$��

�‚�$�I�W�H�U���W�H�V�W�L�Q�J���Z�D�V���F�R�P�S�O�H�W�H�G�����W�K�H���Y�H�U�L�I�L�F�D�W�L�R�Q�V���Z�H�U�H���I�R�X�Q�G���W�R���E�H���R�X�W���R�I���W�R�O�H�U�D�Q�F�H���D�Q�G���W�H�V�W�L�Q�J���Z�D�V���U�H�S�H�D�W�H�G����

�7�D�E�O�H�������������.�R�H�Q�H�Q���7�H�V�W���'�D�W�H�V���D�Q�G���'�X�U�D�W�L�R�Q����

��
�'�D�W�H���R�I���7�H�V�W��

���0�0���'�'���<�<�<�<����
�7�U�L�D�O��������

���0�0���6�6���5�H�V�X�O�W�V����
�7�U�L�D�O������

���0�0���6�6���5�H�V�X�O�W�V����
�7�U�L�D�O��������

���0�0���6�6���5�H�V�X�O�W�V����

�5�1�6���%�O�H�Q�G������ ���������������������� �����������&�� �����������&�� �����������'��

�8�1�6���%�O�H�Q�G������
���,�Q�L�W�L�D�O���6�H�U�L�H�V��������

���������������������� �����������)�� �!�����������$�� �!�����������$��

�8�1�6���%�O�H�Q�G������ ���������������������� �!�����������$�� �!�����������$�� �!�����������$��

�5�1�6���%�O�H�Q�G��������
���,�Q�L�W�L�D�O���6�H�U�L�H�V��������

���������������������� �!�����������&�� �����������'�� �����������)��

�8�1�6���%�O�H�Q�G������ ���������������������� �����������)�� �����������)�� �����������)��

�8�1�6���%�O�H�Q�G������ ���������������������� �!�����������2�� �!�����������2�� �!�����������2��

�5�1�6���%�O�H�Q�G��������
���5�H�S�H�D�W���6�H�U�L�H�V��������

���������������������� �!�����������'�� �!�����������%�� �!�����������%��

�8�1�6���%�O�H�Q�G������
���5�H�S�H�D�W���6�H�U�L�H�V��������

���������������������� �!�����������$�� �!�����������%�� �!�����������$��

��

����



FAI-2016-0793  Page 26 of 101 
Rev. 0  August, 2016 

Proprietary Property of Fauske & Associates, LLC* 

3.2 �7�,�0�(���3�5�(�6�6�8�5�(���7�(�6�7���5�(�6�8�/�7�6��

�7�K�H���7�L�P�H���3�U�H�V�V�X�U�H���7�H�V�W���U�H�V�X�O�W�V���I�R�U���W�K�H���5�1�6���D�Q�G���8�1�6���P�L�[�W�X�U�H�V���D�U�H���V�K�R�Z�Q���L�Q���7�D�E�O�H�������������7�K�H���7�3�7��
�U�H�V�X�O�W�V�� �S�U�R�G�X�F�H�G�� �D�� �Q�H�J�D�W�L�Y�H�� �U�H�V�X�O�W�� �I�R�U�� �H�D�F�K�� �R�I�� �W�K�H�� �V�D�P�S�O�H�V�� �P�H�D�Q�L�Q�J�� �W�K�D�W�� �W�K�H�V�H�� �V�D�P�S�O�H�V�� �G�R�� �Q�R�W��
�V�K�R�Z���D���O�L�N�H�O�L�K�R�R�G���R�I���G�H�I�O�D�J�U�D�W�L�R�Q�������7�K�H���G�H�W�D�L�O�H�G���U�H�V�X�O�W�V���D�U�H���V�K�R�Z�Q���L�Q���$�S�S�H�Q�G�L�[���'����

�7�D�E�O�H�������������7�3�7���5�H�V�X�O�W�V��

�6�D�P�S�O�H�� �0�D�[�L�P�X�P���3�U�H�V�V�X�U�H��
���N�3�D����

�7�L�P�H���I�R�U���D���3�U�H�V�V�X�U�H��
�5�L�V�H���I�U�R�P�����������W�R��
�����������N�3�D�����P�V����

�7�H�V�W���5�H�V�X�O�W��

�5�1�6���%�O�H�Q�G������ �������������� �² �� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �������������� �² �� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �������������� �² �� �Š�² � �́�

�5�1�6���%�O�H�Q�G������ �������������� �² �� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �������������� �² �� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �������������� �² �� �Š�² � �́�

�� ��
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4.0 �4�8�$�/�,�7�<���$�6�6�8�5�$�1�&�(��

�7�K�H�� �W�H�V�W�L�Q�J�� �V�H�U�Y�L�F�H�V�� �S�U�R�Y�L�G�H�G�� �D�U�H�� �F�R�Q�V�L�G�H�U�H�G�� �W�R�� �E�H�� �V�D�I�H�W�\���U�H�O�D�W�H�G�� �D�Q�G�� �W�K�H�U�H�I�R�U�H�� �Z�L�O�O�� �P�H�H�W�� �W�K�H��
�U�H�T�X�L�U�H�P�H�Q�W�V�� �R�I�� �W�K�H�� �:�H�V�W�L�Q�J�K�R�X�V�H�� �(�O�H�F�W�U�L�F�� �&�R�P�S�D�Q�\�� �4�X�D�O�L�W�\�� �P�D�Q�D�J�H�P�H�Q�W�� �6�\�V�W�H�P�� ���4�0�6���� �D�Q�G��
�W�K�H���O�R�Z�H�U���W�L�H�U�����)�$�,�¶�V���)�����3�U�R�F�H�G�X�U�H�V�����Z�K�L�F�K���D�U�H���F�R�P�S�O�L�D�Q�W���Z�L�W�K�������&�)�5�������$�S�S�H�Q�G�L�[���%���D�Q�G���)�$�,�¶�V��
�,�6�2�������������F�H�U�W�L�I�L�F�D�W�L�R�Q����
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5.0 �&�2�1�&�/�8�6�,�2�1�6��

�7�K�H���.�R�H�Q�H�Q���D�Q�G���7�L�P�H���3�U�H�V�V�X�U�H���7�H�V�W�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���I�R�U���8�1�6���D�Q�G���5�1�6���P�L�[�W�X�U�H�V�������$���V�X�P�P�D�U�\��
�R�I���W�K�H���W�H�V�W���U�H�V�X�O�W�V���L�V���S�U�R�Y�L�G�H�G���L�Q���7�D�E�O�H���������������7�K�H���.�R�H�Q�H�Q���W�H�V�W���U�H�V�X�O�W�V���Z�H�U�H���Q�R�W���D�O�Z�D�\�V���U�H�S�H�D�W�D�E�O�H��
�D�Q�G���F�R�Q�V�L�V�W�H�Q�W���I�R�U���V�R�P�H���R�I�� �W�K�H���P�L�[�W�X�U�H�V���� �$�O�W�K�R�X�J�K���W�K�L�V���F�R�X�O�G���S�R�V�V�L�E�O�\�� �E�H���F�R�Q�W�U�L�E�X�W�H�G���W�R���V�H�Y�H�U�D�O��
�I�D�F�W�R�U�V�����R�Q�H���R�I���W�K�H���P�D�L�Q���I�D�F�W�R�U�V���L�V���Z�K�H�W�K�H�U���R�U���Q�R�W���W�K�H���G�L�V�F�K�D�U�J�H���R�U�L�I�L�F�H���S�O�X�J�J�H�G���G�X�U�L�Q�J���D���W�U�L�D�O�����7�K�H��
�7�3�7���U�H�V�X�O�W�V���S�U�R�G�X�F�H�G���D���Q�H�J�D�W�L�Y�H���U�H�V�X�O�W���I�R�U���H�D�F�K���R�I���W�K�H���V�D�P�S�O�H�V���P�H�D�Q�L�Q�J���W�K�D�W���W�K�H�V�H���V�D�P�S�O�H�V���G�R���Q�R�W��
�V�K�R�Z���D���O�L�N�H�O�L�K�R�R�G���R�I���G�H�I�O�D�J�U�D�W�L�R�Q����

�7�D�E�O�H�������������6�X�P�P�D�U�\���R�I���W�K�H���.�R�H�Q�H�Q���D�Q�G���7�3�7���5�H�V�X�O�W�V��

�0�L�[�W�X�U�H�� �.�R�H�Q�H�Q���7�H�V�W���5�H�V�X�O�W���� �7�L�P�H���3�U�H�V�V�X�U�H���7�H�V�W���5�H�V�X�O�W�V��

�5�1�6���%�O�H�Q�G������ �Š�'�´ �������1�H�J�D�W�L�Y�H�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�%� �́������1�H�J�D�W�L�Y�H�‚�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�$� �́������1�H�J�D�W�L�Y�H�� �Š�² � �́�

�5�1�6���%�O�H�Q�G������ �Š�'�´ �������1�H�J�D�W�L�Y�H�‚�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�)� �́������3�R�V�L�W�L�Y�H�� �Š�² � �́�

�8�1�6���%�O�H�Q�G������ �Š�2� �́������1�H�J�D�W�L�Y�H�� �Š�² � �́�
�‚���7�K�H�V�H���V�D�P�S�O�H�V���L�Q�L�W�L�D�O�O�\���V�K�R�Z�H�G���D���Š�S�R�V�L�W�L�Y�H�´���U�H�V�X�O�W�������7�K�H���W�H�V�W�L�Q�J���Z�D�V���U�H�S�H�D�W�H�G���D�I�W�H�U���L�W��

�Z�D�V�� �I�R�X�Q�G�� �W�K�D�W�� �W�K�H�� �K�H�D�W�L�Q�J�� �U�D�W�H�� �Z�D�V�� �V�O�L�J�K�W�O�\�� �I�D�V�W�H�U�� �W�K�D�Q�� �W�K�H�� �V�S�H�F�L�I�L�F�D�W�L�R�Q�V�� �L�Q�� �W�K�H��
�V�W�D�Q�G�D�U�G����
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6.0 �5�(�)�(�5�(�1�&�(�6��

�8�Q�L�W�H�G�� �1�D�W�L�R�Q�V���� ����������������Recommendations of the Transport of Dangerous Goods: Manual of 
Tests and Criteria.���1�H�Z���<�R�U�N�����8�Q�L�W�H�G���1�D�W�L�R�Q�V����

���7�H�V�W�� �3�O�D�Q���� �.�R�H�Q�H�Q�� �D�Q�G�� �7�L�P�H���3�U�H�V�V�X�U�H�� �%�D�V�H�O�L�Q�H�� �7�H�V�W�L�Q�J�� �I�R�U�� �/�R�V�� �$�O�D�P�R�V�� �1�D�W�L�R�Q�D�O�� �/�D�E�R�U�D�W�R�U�\������
�)�$�,�������������������������5�H�Y�����������)�D�X�V�N�H���	���$�V�V�R�F�L�D�W�H�V�����%�X�U�U���5�L�G�J�H���,�/�����-�X�Q�H���������������4�$�5����������������

�<�R�V�L�G�D���� �7������ �:�D�G�D���� �<������ �	�� �)�R�V�W�H�U���� �1���� ����������������Safety of Reactive Chemicals and Pyrotechnics.��
�$�P�V�W�H�U�G�D�P�����(�O�V�H�Y�L�H�U����

��
�� ��
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�$�3�3�(�1�'�,�;���$�����0�,�;�7�8�5�(���)�2�5�0�6��

A.1 RNS Blend 1 Mixture  

��
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A.2 RNS Blend 1 Mixture with Swheat  
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A.3 UNS Blend 1 and 2 Mixture  

��
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A.4 UNS Blend 1 Mixture with Swheat  
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A.5 UNS Blend 3 and 4 Mixture with Kolor-Safe 

��
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�$������ �8�1�6���%�O�H�Q�G�������D�Q�G�������0�L�[�W�X�U�H���Z�L�W�K���.�R�O�R�U���6�D�I�H���&�R�Q�W�L�Q�X�H�G����

��

�� ��



FAI-2016-0793  Page 36 of 101 
Rev. 0  August, 2016 

Proprietary Property of Fauske & Associates, LLC* 

A.6 UNS Blend 3 Mixture with Swheat 

��
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A.7 RNS Blend 2 Mixture  

��
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A.8 RNS Blend 2 Mixture with Swheat 

��
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A.9 UNS Blend 2 Mixture with Swheat 

��
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A.10 UNS Blend 4 Mixture with Swheat 

��
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A.11 UNS Blend 1 Mixture 2 
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A.12 UNS Blend 1 Mixture 2 with Swheat  
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�$�3�3�(�1�'�,�;���%�����.�2�(�1�(�1���7�(�6�7���,�0�$�*�(�6��

B.1 Koenen Results RNS Blend 1 Trial 1 

��
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B.2 Koenen Results RNS Blend 1 Trial 2 

��

��  
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B.3 Koenen Results RNS Blend 1 Trial 3 

��
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B.4 Koenen Results UNS Blend 1 Trial 1(Initial) 

��
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B.5 Koenen Results UNS Blend 1 Trial 2(Initial) 

��
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B.6 Koenen Results UNS Blend 1 Trial 3(Initial) 
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B.7 Koenen Results UNS Blend 1 Trial 1(Repeat Series 2) 
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B.8 Koenen Results UNS Blend 1 Trial 2(Repeat Series 2) 
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B.9 Koenen Results UNS Blend 1 Trial 3(Repeat Series 2) 
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B.10 Koenen Results UNS Blend 3 Trial 1 

��
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B.11 Koenen Results UNS Blend 3 Trial 2 

��
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B.12 Koenen Results UNS Blend 3 Trial 3 

��
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B.13 Koenen Results RNS Blend 2 Trial 1(Initial) 
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B.14 Koenen Results RNS Blend 2 Trial 2(Initial) 
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B.15 Koenen Results RNS Blend 2 Trial 3(Initial) 

��
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B.16 Koenen Results RNS Blend 2 Trial 1(Repeat Series 2) 

��
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B.17 Koenen Results RNS Blend 2 Trial 2(Repeat Series 2) 
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B.18 Koenen Results RNS Blend 2 Trial 3(Repeat Series 2) 
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B.19 Koenen Results UNS Blend 2 Trial 1 

��
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B.20 Koenen Results UNS Blend 2 Trial 2 

��
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B.21 Koenen Results UNS Blend 2 Trial 3 
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B.22 Koenen Results UNS Blend 4 Trial 1 

��
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B.23 Koenen Results UNS Blend 4 Trial 2 
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B.24 Koenen Results UNS Blend 4 Trial 3 
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�$�3�3�(�1�'�,�;���&�����.�2�(�1�(�1���7�(�6�7���)�2�5�0�6��

C.1 RNS Blend 1  
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C.2 UNS Blend 1 (Initial) 
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C.3 UNS Blend 1 (Repeat Series 2) 
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C.4 UNS Blend 3 

��



FAI-2016-0793  Page 71 of 101 
Rev. 0  August, 2016 

Proprietary Property of Fauske & Associates, LLC* 

C.5 RNS Blend 2 (Initial) 
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C.6 RNS Blend 2 (Repeat Series 2) 
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C.7 UNS Blend 2  
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C.8 UNS Blend 4  
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Overview 
 
Two clinoptilolite zeolite powder samples were received from KMI Zeolite Inc. for X-ray 
powder diffraction (XRPD) measurement under standard conditions. Each powder 
sample was mounted using a low background silicon sample holder. The powder was 
mounted to fill the holder and give a flat and level surface. Information concerning the 
samples are presented in Table 1. 
 
Table 1.  Samples and Materials as Provided 

 
 
 
X-ray Powder Diffraction (XRPD) Parameters 
 
Instrument measurement parameters and resulting XRPD data are shown in Tables 2 
and 3. 
 
Table 2. XRPD Parameters for Rigaku SmartLab system 
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Table 3. XRPD Data Collected for General Powder Measurements 

 
 
 

Measurements 

Data as measured displayed in Figure 1. 
 
Figure 1: Measured XRPD data for both powder samples. 

 
 
Visual inspection of the data indicates that both powder samples are essentially the 
same with respect to the X-ray powder diffraction response. 
 
Analysis 

Phase Identification 

A crystalline peak search was performed for each data file and the resulting peak list 
matched against the COD crystal structure data base using the software MDI-Jade2010 
(V 5.0.0). The crystalline phase identification results for each data file are presented in 
Figures 2 through 3. Clinoptilolite (PDF# 98-900-8264) was identified as being the only 
significant crystalline phase present for both samples. 
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Figure 2: Phase identification and WPF analysis for data set RX1-14219. 
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Figure 3: Phase identification and WPF analysis for data set RX1-14220. 
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Semi-Quantitative analysis 

Phase identification returned clinoptilolite-Ca as the only candidate crystalline phase 
with all observed diffraction peaks associated with this phase. A previous X-ray 
diffraction study performed on similar clinoptilolite samples (LUCAS report to KMI 
Zeolite, 2010) had identified the presence of the mineral form Phlogopite as a minor 
phase along with clinoptilolite. An additional mineral phase that may appear along with 
the clinoptilolite-heulandite zeolites is Stilbite. To determine whether these mineral 
forms were present along with the clinoptilolite, a Rietveld semi-quantitative analysis 
was performed using Jade2010. For each Rietveld analysis, the crystalline minerals 
Clinoptilolite-Ca, Phlogopite and Stilbite-Ca were included within the starting model. The 
results of the Rietveld semi-quantitative analysis are presented in Figures 4 through 5. 
 
For routine XRPD analysis, the detection limit for crystalline phases using Rietveld 
semi-quantitative analysis is generally around 1% w/w. For data sets RX1-14219 and 
RX1-14220, the Rietveld analysis returned quantitative values for both Phlogopite and 
Stilbite-Ca that were below detection limits. The semi-quantitative results are 
summarized in Table 4. 

Table 4. Results of Rietveld semi-quantitative analysis 
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Figure 4: Rietveld semi-quantitative WPF analysis for data set RX1-14219. 
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Figure 5: Rietveld semi-quantitative WPF analysis for data set RX1-14220. 
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Appendix AC 
Calcium Nitrate Saturated Solution Salt Concentration @ 20 °C and Density Measurements 



Calcium Nitrate Saturated Solution Salt Concentration @ 20 oC 

CRC Handbook of Physics,  97th Edition 

AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS AT VARIOUS TEMPERATURES 

The solubility of over 300 common inorganic compounds in water is tabulated here as a function 
of temperature. Solubility is defined as the concentration of the compound in a solution that is in 
equilibrium with a solid phase at the specified temperature. In this table the solid phase is 
generally the most stable crystalline phase at the temperature in question. An asterisk * on 
solubility values in adjacent columns indicates that the solid phase changes between those two 
temperatures (usually from one hydrated phase to another or from a hydrate to the anhydrous 
solid). In such cases the slope of the solubility vs. temperature curve may show a discontinuity. 

All solubility values are expressed as mass percent of solute, 100×�Z2, where 

�Z2 = �P2/(�P1 + �P2) 

and �P2 is the mass of solute and �P1 the mass of water. This quantity is related to other common 
measures of solubility as follows: 

�x Molarity: �F2 = 1000�!�Z2/�02 
�x Molality: �P2 = 1000�Z2/�02(1-�Z2) 
�x Mole fraction: �[2 = (�Z2/�02)/{(�Z2/�02) + (1-�Z2)/�01} 
�x Mass of solute per 100 g of H2O: �U2 = 100�Z2/(1-�Z2) 

Here �02 is the molar mass of the solute and �01 = 18.015 g/mol is the molar mass of water; �! is 
the density of the solution in g cm-3. 

The data in the table have been derived from the references indicated; in many cases the data 
have been refitted or interpolated in order to present solubility at rounded values of temperature. 
Where available, values were taken from the IUPAC �6�R�O�X�E�L�O�L�W�\���'�D�W�D���6�H�U�L�H�V (Reference 1) or 
related papers in the �-�R�X�U�Q�D�O���R�I���3�K�\�V�L�F�D�O���D�Q�G���&�K�H�P�L�F�D�O���5�H�I�H�U�H�Q�F�H���'�D�W�D (References 2 to 5), 
which present carefully evaluated data. 

Formula Name   CAS Reg. No.  Mol wt.  0 oC 10 oC 20 oC 
Ca(NO3)2 Calcium nitrate 10124-37-5  164.087 50.1 53.1 56.7 

Molarity @ 20 oC  = 1000�!�Z2/�02 

�x �! = 1.561 
�x �Z2 = 0.567 
�x �02 = 164.09 

Molarity = 1000 x 1.561 x 0.567 /164.09 
Molarity = 5.39 moles Ca(NO3)2 / liter of solution 
g/ml = 5.39 moles Ca(NO3)2 * 164.09/1000 
  g/ml = 0. 884 
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